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» 

I N publisliing ilio procc.cclipgs of the Irrigation Conference hold at Simla in 
September 1901, I desiib' to Icaro a 1‘ou' remarks on record for future 
guidance should another gathering of Canal Engineers be proposed. 

On this occasion many of the papers -wore not received early enough, 
•with the result that in soreral cases they were only placed in the hands of 
members on their arrival in Simla. Papers should he submitted so that they 
may he printed and circulated to members at least one month before they 
leave tlicir stations for the Coufci’once. This would give time to study the 
subjects of the papers and to collect, and note down, observations on them. 
The discussion was too conversational, it was difficult to record what was said and 
still more difficult to edit. Engineers in this country am not, as a rule, trained 
to speak on the spur of the moment. It may not be necessary to have 
recourse to set speeches, but it is advisable that those 'who intend to speak 
should attend armed with ample notes for ready reference. 

I think it would be an advantage if a dellnito result of the discussion on 
each subject had been formulated and recorded, and I would do this in future. 

In conclusion, I have only to express my regret that I have been unable to 
publish these notes earlior. 

SIDNEY PBESTON. 
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LIST 03? PAPERS PRESENTED AT THE CONEERENCE. 


Mon(7ay morniuff, the Hth licptcmher-—^ 

1. Mr. Mackenzip’s paper on “ Smart’s Shatter.'!.” 

2. Mr. Yisvcsviiraya's Do'Cripl ion of the Bhalprarli Reservoir Gato.s. 

3. Mr. Visve5vaTaya'’s paper on Anlomntic Wasic Y'n'r Ga<e of Lake Fife. 

‘1>. Mr. Notkcrsolo’.a paper on "Falliti" SliuUcrs on the Parieli.a Weir.” 

Ti, ifr. Pnrves’ pi.aper on " KImnl.'i Weir Slitii tors.” 

Monday oflernoon . — 

6. ^Ir. TVhiie's paper on Snetion Drcilgor.^. 

7. Mr. S(anvir.s pap’r on “ Sone Canals Head Works.” 

8. Mr. Marsli’s papiv on M'eiiv in Roliilkhand.” 

0. Mr. Hutton’s piper on Fiiianci.d Result? of the Dcoh.and Branch, Upper Granges 
and 5- Canal, and Certain Drainac’ Cuts. 

If.) 


Tnaday morning, Gih S'plemher.— 

11. Mr. Benton’s p.ipor on Silting Operations to Strengthen High Canal Banks. 

12. Mr. Bir.ton’f paper on Syphon Proposed for Passing the Supply for Lower Bari Doab 

Canal under tlie Bavi. 

13. Paper on the Thap.ing.iing Aqueduct, Mandalay Canal, 

14. Mr. Farraut’s paper on Steel Tube Syphons, Swat River Canal. 

ID. Mr. FarrantV papi’r on the T)c«ign of the Suketar Superpasaage, Upper Jhelum Canal 
I’rojecfe. 

1C. Air. ICcnnody’s notes on “ Absorption Losses on Canals.” 


Tveidaif afleTnoan,-- 

17. Mr. Hill's p.ipor on “ Earthen Dams." 

IS. Mr. Hill’s paper on Proposed High Afasoniy D.im at Bliandardnra. 

19. Air. McLeod's p.ipoi' on Injury to the Naror.i Weir. 

20. Mr. AfcLcod'fi p.aper on Piiihirc of a Fall on Nadrni Escape. 

21. Mr. Visvesvaraya’s paper on A New Selfacting Module. 


Thntsday morniny, 8lh Sfytemher.— 

22. Mr. Reid’s pajicr ou Lift Inigation. 

2S. 3Ir. Gebbio’s p.iper on The System of Irrig.ation from the Jamrao Canal. 

21. Mr. Alorin's paper on llivor 'fraining in Tniijoro. 

25. .Mr. Maconchy’s paper on "Flood Diuinage.” 

2G, Mr. Marsh’s p.iper on Inorcxso of torrent flood-s in the upper reaches of the Eastern 
Jumna C.inal. 
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27. Mr. iven's paper on Mat Branch Extension, Ganges Canal. 

28. Mr. Ivon’s paper on Injury to the Hindun Dam, 
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80. Mr, Kennedy’s paper on Distribution of M'atcr by Measurement. 

31. Mr. Hill’s paper on Distribution of Water in the Deccan. 

82. Mr. Hill’s p.iper on Dccran Irrigation Could bo Made to Pay. 

38. Mr, Hill's paper on Small Tanks in the Southern Mahrattn Country. 
34>. Mr, Hill’s paper on Nasik Bandbara Irrigation. 



35. Mr, Kennedy’s paper on Remodelling of Irrigation Distributaries. 

30. Mr. Johnston’s paper on Remedies Being Carried Out to the • Siswan Snperpassagoi 
Sirhind Canal. 

37. Mr. Kennedy's paper on Lessons to be Learnt from Sirhind Canal Sill Troubles with 

note by Mr. Gillmon on arriingcment of gates at Rupar Head Regulator. 

38. Mr. Kennedy’s paper on value of " N " in Kutter’s formula. 
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41. Mr. Keeling’s gate. 

42. Mr. Leather’s paper on Water of the Soil, (printed separately.) 



IRRIGATION OONRERBNOB, lOOd-. 

The HonouralDlc Sir A. T. Arundel, K.O.S.L, in opening the Oonforence 
said : — 

I am not going to inflict upon you a long address, or to take any part in 
your discussions, but I should like to \Yolcome you all bore to this Oonforence, as 
experts in irrigation from all parts of India, and to express the hope and 
conviction that the meeting -will be of great advantage fo irrigation in future. 

I tbink that for every branch of i.be administration it would bo very much 
better if each Province wore to know a great deal more than it does ol what is 
going on in every oilier Province of India. Tmprnvemcnis may have been in 
force for years in one Province that are unknown in other?, and it is possible 
that systems and methods that have bceome obsolete may still exist in other 
Provinces from want ol information. 

It seems to me that a meeting like this of yourseivos, who are not only 
experts ^ in imgation, lint, entliusittst? in your profession, will be of very groat 
benefit in future and will act as <a groat stimulus. 

I anticipate further that suhseqnonlly by inter-communication by letter 
there will be an advantage not only to irrigation systems which have 
been constructed, but also to those wliicli are under constmeiion and in 
contemplation. 

I only wish to again express my sincere hope and conviction tliat these 
conferences will be at fended with great benefits in future. 

I understand that Jlr. Preston will preside to-day and that representatives 
from presidencies will preside on succeeding days, 

I will now ask^ Sir. Preston to read a paper of a somewhat general 
character which will initiate the proceedings. 


Iniroducioi'y remarks by Sidney Prestok^, Esq., O.I.E. 

You arc, I think, all aware that the suggestion that a conference on 
irrigation matters should be held was made to me during a short tour which 
I was able to make in tlio Madras Presidency in Pebruary last, and I am 
glad to find that Mr. Mackenzie, from whom the idea emanated, has himself 
been able to be present. 

I am in hopes that much good will come of the interchange of ideas ; 
there is no intention of making those meetings annual occurrences, but in 
the course of a few years such further progress may have been made in 
irrigation scionoo in some parts of India as will warrant a second conference. 

I think it will be admitted that the papers wliicb have been prepared 
.cover a large range of irrigation practice. In arranging them for discussion 
I have endeavoured to group together papers of the same class so that we 
may not have to go through a series of mental gymnastics from one subject 
to another. Wo shall find that each Province has something to teach to the 
others, some invention, or praotico, which is more or less peculiar to itself, 
and if the result of our . meetings is that the good things of ono Province 
become' known to, and are copied by, the Engineers elsowhcro the trouble 
you have all been put to in oomiug so far will have been more than repaid. 

Thus the large gates, AO feet span and 10 feet deep, described in 
Ml’. Mackenzie’s paper and a model of which is exhibited, arc, as far as 
I am aware, peculiar to Madras; I discovered them during my tour this year 
and I am inclined to think that as a result of the conference we shall soo 
- them copied in the Punjab at least. Eombay has an extremely good form 
of automatic gale on the escapes of its large reservoirs. The Punjab has 
r perhaps advanced most in the matter of water distribution by oarrying a 
Government distributary to every village and in surveying, aligning, and in 
;some cases constructing, the village ■watercourses to individual lioldings. 
This has been already copied, and I dare say improved on, in Sind, The 
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United Provinces lias erected some extremely eilicient shutters on the top oE 
the Betwa weir which has increased the storage capacity of the reservoir hy 
40 per cent. I do not propose to detain you with a long history of the 
present state of irrigation in India, hut a brief account of the progress made 
in each Province during the last 35 years may not he out of place. I do 
not think that generally we have improved mueli on the grand works designed 
by Sir Proby Cautloy in the United l?rovinoes, by Colonel Dyas in the Punjab, 
or by Sir Arthur Cotton in Madras. Our canals are still modelled on the lines 
they laid down and the improvements made since have been mainly in details, 
and this leads me to throw out a suggestion which I hope may bear fruit; 
namely, that an endeavour he made in each Province to form a gallery of the 
portraits of the Engineers who have designed, constructed and developed the 
grand works which are now in our charge, but which, in due course, we shall 
have to hand over to others. I am glad to say this has already been done in 
both the Punjab and United Provinces, and I desire now to commend the 
suggestion to the Chief Engineers of Beng.il, Madras and Bombay. I cannot 
but think that it must be of intorcst to our suoocssors to be able to see wiiat 
the meu wore like who initiated the great canals of the country ; such as 
Itnndall, Haig, Lovingo, ATcNoile and Odling in Bengal ; JFife, Morriman, 
Hughes, "Whiting in Bombay, and Cotton, Anderson, Alullins nnd others in 
Madras. 

Turning now to a brief review of the progress made in each Province 
since the year 1869-70 — I have chosen tliis period as it corresponds with my • 
own personal experience. 

In that year the major canals in Madras comprised the following 
systems: — (i) the Godavari delta, (ii) Hislnn, (iii) Penner and (iv) the Oauvory 
delta. The capital expended on them amounted to Rs. 1,35,71,133, they 
irrigated 1,602,639 acres and paid 17’28 per cent. To these the Srivaikantam 
project was added in 1870-71 ; tiie Kurnool-Knddapah in 1882-83 ; the Barur 
tank in 1888-89 ; the Rushikulya in 1893-94 and the Poriyar in 1&96-97. At 
the end of 1902-03, the last year for which I have complete Ogurcs, the capital 
invested had increased to Bs. 7,40,77,698, the area irrigated to 2,940,963 acres 
while, although the percentage of profit had decreased to 8‘7 per cent, the 
works as a wliole gave a not revenue of Rs. 04,90,366 to the State. 

Tlic minor works comprised 10 projects, irrigated 267,022 acres and 
earned a net revenue of Rs. 2,17,651. There are now 23 minor irrigation 
schemes in operation which irrigate 584,081 acres and yield a not revenue of 
Bs. 7,39,020. 

In 1869-70 Iho major canals in operation in Sind were the Desert, Begari 
and Eastern Kara; they cost Us. 30,34,812, irrigated about 200,000 acres and 
gave a net revenue of Rs. 1,12,122. They now comprise the Desert, Unharwab, 
Begari, Eastern Hara, Janirao, Dad and the Alahiwali ; they irrigated 1,072,001 
acres in 1902-03, cost Rs. 2,27,38,900 and earned n not revenue of Bs. 11,43,217 
equivalent to 5'03 per cent, on the oapital outlay. Besides these works an 
expenditure of Bs. 12,02,899 has been incuiTcd on the Nnulakhi and Hasrat 
canals still under construction. 

The minor works in Sind comprised two projects, irrigated 233,963 acres 
and gave a not revenue to Government of Bs.. 4,32,969. There are now 7 
minor works in operation wliicli irrigate 794,530 acres and yield a not revenue 
of Bs. 8,63,684. 

In 1869-70 the Major Oanals in operation in Deccan and Gujarat were 
the Wadali canal of Kadva river system. Lakh canal and BrisUna canal. 
Tliey cost Bs. 10,64,345, irrigated about 1,043 acres, but the w'orking expenses 
exceeded the revenue by the sum of Bs, 16,793. 

They now comprise (i) the Kira canal, (ii) Shelphal tank, (iii) Mhaswad 
tank, (iv) Hathinati canal, (v) Lower Panjhra river .works, (vi) Kadva 
river works, (vii) Lakh canal, (viii) Mutim canals, (ix) Ekruk tank and 
(x) Krishna canal. These works irrigated 62,258 acres in 1902-1903, cost 
Bs. 1,96,36,651 and earned a net revenue of Bs. 3,78,740, equivalent to 1’90 
per cent, on the oapital outlay. ' ' 
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'Xlie minor ■vrorlss comprised nine projects, irrigated 1,309 acres and cost 
Government a net loss of Rs. 14',68G, There are nuw 2G minor worhs in 
operation which irrigate 38,237 acres and yield a net rovenuo of Bs. 27,728, 
or 0'3C per cent, on capital outlay. 

In Bengal the only irrigation woi'ks in operation in 1809-70 were (i) 
Kondraparah, {it) the High Iievel and {tit) tho Taldunda canals in Orissa, 
whicJi together irrigated 1-1,740 acres, and the Slidnapur canal in Bengal 
proper wltich irrigated ]4-,792 acres- Tlio Ovis'^a canals now irrigate 224, 998 
acres and the Ulidnapur 87.404 acres. Tn l?7r>'7n the Sono canals were 
opened and irrigated 41,G70 acres which has nicrnnsef] to 483,567 acres in 
1902-1903. The capital coat of the canals, including the Hijili Tidal canal, 
which is a purely navigation canal, has increased from Ks. 1,40,17,891 to 
Bs, 0,43,54,340, and tho net. revenue credited to the State from Bs. 3,718 to 
Rs. 9,C4,G72. Amongst the class of Minor IVorhs the Sarun canals 
commenced irrigation in .Time ISSO doing 3,2S7 acres in that year, hut the de- 
velopment Las heen small as in 1902-1903, they only did 4,411 acres. The Eden 
canal was opened in 3SSD-90, irrigating 9,CD3 acres in that year, which has 
increased to 27,707 in 3902-1903. If the canals in this Province have not 
proved as directly remunerative as tho-c elsewhere, it is more due to local 
circumstances than to tho fault of those who initiated thorn. They have 
undoubtedly done much to protect the Provinco in years of bad rainfall. 

In tho United Provinces, or tho Korfh-lVcstorn Provinces as it was then 
called, fluj Major Canals in operation in 1869-70 were (i) the Upper Ganges 
and (ii) the Eastern Jumna, whiio the Minor M^'orlcs comprised (i) the Dun, 
(ii) Boliillfhand, (iii) Bijnur canals and certain lakes in Harairpur and Jhnnsi. 
Its. 2,71,30,402 had been expended on the Slajor Works and Bs. 12,37,061 on 
the Slinor ; the former U'rig.ated 1,031,473 acres, earned a not revenue of 
Es. 24,09,147 equivalent to 9*21 nor cent, on the capital cost. The latter 
irrigated 58,200 acres and earned 'a net revenue of Bs, 23,004. Thus in tho 
year 1809-70 the irrigation works of tho Province matured 1,089,673 acres 
of crops. In 1874-75 the Agra canal vva.s opened, irrigating 15,126 acres in 
that ycarj this was followed hy tho Lower Ganges canal in 1877-78 ; tho 
Botwn (protective) scheme in 1885-80 and the Patelipur Branch of the Lower 
Ganges canal in 1898-99. 

Those increased the capital inve-sted on Slajor Works at tho end of 1002-03 
to Hs. 8,88,92,908, hut tho area irrigated increased during the same period to 
2,300,180 acres and tlic not revenue credited to tho State to Bs. 02,23,480, 
giving a pturn of 7 per coni. No new Minor Works have been added to those 
in operation in 1869-70, but tho capital invested lias increased to Bs. 31,69,540, 
and the area irrigated to 137,375 acres, but tho not rovenuo is still small 
amounting in 1902-03 to Bs. 87,005, 

The greatest developments have natur.illy been in the Punjab, with which 
in this review I will include the North-West Frontier Provinco, mainly because 
it was the last to begin operations. But if its canals liave been i>henoraonally 
successful, it is as much duo to its natural advantages ns to the skill of its 
Engineers. A Province which owns immense areas oE flat fertile land, six 
largo rivers with perennial su]»plica and a small rainfall ongouderLug a 
continual demand, was bound to make rapid progress when operations were 
once started. 

The Major Works in operation in 1809-70 wore (i) tho Western Jumna 
and (ii) the Bari Doab canals, while in the class of Minor Works were tho 
Upper and Lower Sutlej Inundation canals, thoso from the Indus and Ohonah 
and some small tanks in Delhi and Gnrgaon. 

Bupcos 3,56,77,478 had been invested in tho Major Works, they irrigated 
730,470 acres and earned a net revenue of Bs, 17,20,078, or 11*08 per cent, on 
capital outlay. The Minor Works irrigated 530,940 acres and gave a net sum 
of Bs. 1,87,104 to the State. 

The following additions have been made to the Major Works. In 1882-83 
tlio Sirhind canal was opened, in 1884-85 the Lower Soliag and Para canals, in 
1886*80 tho Swat Bivor ; in 1886-87 tho Sidhnai canal ; in 1887-88 tho Ohonah 
canal as an inundation system which was converted into a peronnial one and 
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large extensions commenced in 1892-93 ; in 1890-91 several snl)sidiai*y canals 
from the Bavi river in oonneotion witli the Sidlinoi ; in 1891-92 the Sii-sa Branch 
of the ‘Western Jnmna canal and in 1901-02 the Jliclum canal. The ten years 
from 1801-92 to 1901-1902 wore occupied in extending the Ghcnab and in tlie 
construction of the .Tlielum canals. All these schemes and numerous extensions 
of the older ones increased the total capital expenditure at the end of 1902-1903 
toBiS. 12j28,C3,973, in which year the area irrigated amounted to 5, 038|046 acres 
and the net revenue to Its. 1,32,26,027, giving a return on capital of 10*76 
per cent. 

During the same period very considerable additions were made to the 
Minor Works in charge of the Canal Engineers. In 1880-81 the Muzaffar- 
garh Inundation canals were taken over from the Civil officers ; these were 
followed by tho Hajiwah in 1888-89, the Sl>al>pur (Provincial) canals in 
189di-96j Kabnl Biver canal in 1898-99; tho Bangoi canal in 1901-1902 
and the Bavi Inundation canals in 1003-1904, In 1870-71 a series of Inundation- 
canals in the Shahpur district wore purchased by the Imperial Government 
and the Ghaggar canals wore opened in 1897-1898. Those and considerable im- 
provements in nil tlio systems increased the capital expenditure on Minor Works 
at end of 1902-1903 to Bs. 17,80,452, in whicli j'car those for whioh capital and 
revenue accounts are kept irrigated 235,057 acres and brought in a net I’evenuo 
of Bs. 2,13,993. 

There remains the Province of Burma. In 1869-70 tho amount invested 
in Provincial minor irrigation works amounted to Bs. 14,04,930 j this had 
increased at tlic end of 1902-1903 to Bs. 34,53,416. Complete statistics of the 
area benefittod are not available before 1801-02, hut in that year 612,700 
acres were benefitted mainly by the erah.inkmonts which kc])t hack disastrous 
floods. In 1902-1903 this had ineroasod to S t5,020 acres. Three major canals 
are now under construction and in 1902-1903 tho Mandalay canal did 7,223 
acres of irrigation. 

As tho result of tho recent famines in tho Central Provinces tho Govern- 
ment of India have sanctioned tho construction of a numher of reservoirs and 
many' more are in contemplation, and that Administration will soon bo added 
to tho list of irrigating provinces in India. 

The progress made in tho Inst 36 ycare in developing irrigation may then be 
summarized as follows. 

30 now Ifnjor Works have boon constructed and opened. Tho oapit.<il 
invested has iuoreased from Bs. 7,4-4,02,001 to Bs. 39,78,01,100, tho area 
irrigated from 3,055,057 acres to 12,222,090 acres. 

Tho area irrigated by Minor Works of all kinds has increased from about 
4,000,000 acres to 7,578,583 acres, so that during tho year 1902-1903 tho 
Government irrigation works irrigated (ho Inrgo are.a of 19,801,273 acres. 

I will not refer to tho future : there arc still some largo works to carry out 
In Madras, the Punjab and Sind and numerous smaller ones in other provinces, 
and I envy the younger members of our profession who will Imve the charge of 
them and who, in another 15 or 20 years, will be able to record a vast inorcaso 
in tho area irrigated in this country. 

'Ihe papers sot down for discussion on Monday morning were as follows 

1. Mr. Mackenzie’s paper on “Smart’s Shutters,” 

2. Mr. VisTcsvaraya’s Description of tlic Bhatgarli Heservoir Gates. 

3. Mr. Visvesvnraya's paper on Automatic Waste Weir Gate of Lake Fife. 

4. Mr. Nothersole’s paper on “ Balling Shutters on the Pariolm Weir.” 

6, Mr. Purves’ paper on ” Khanki Weir Shutters." 

, Preston, who presided in opening tho discussion, said the papers 
divided themselves in two groups — 

(1) gates suitable for escape weirs ; 

(2) gate suitable for rivers either on a raised woir or in place of a weir, 

• -t Fife automatic gate.s were examples of the former 

while the Paricha, Xhanki and Smart’s slnrltcrs wore instances of the latter. 
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Extremely good working models of all these were exhibited and photographs of 
these are reproduced.- Some time was spent in demonstrating the working and 
in conversation round them. Mi*. Preston drew attention to the enormous 
surplus power provided by the Madras Engineers in connection with the 
BOcalled Smart’s shutter; not only is the shutter fully oounterhalanced, so that 
there is nothing to overcome, hut friction, yet a quadruple purchase winch has 
been provided. 

Mr. Davidson explained that as the shutter had to go down by its own 
weight, it is necessary to lift the counter weight ; this was admitted but as these 
weights are only 14i tons each it does not seem necessary to have such power- 
ful w’inches and it seems possible the cost might ho reduced. 

Mr. Preston invited attention to the largo span of theso shutters, vim.y 40 feet, 
which was he believed the largest in India althou gh he understood Mr. Mackenzie 
has visions of SO-foofc spans in connection with the Tungabhadra project. 
Mr. Preston thought it was a matter for consideration and discussion as to what 
the practical and economical limits were. Mr. Mackenzie ivas asked to state the 
advantage of an 80-foot span. He did not think that in a matter of this kind 
economy was a matter for serious cousidcration : the diiference in cost would be 
a bagatelle in snob large works, be thought it would be easier to work a 
regulator with 80-foot shutters as there would be half the number of 
gearings, etc. 

Mr. Marsh objected to those large spans as there is no second line of 
defence in case of anything going "wrong "with the shutter or gearing. He 
said that in all the old works with small openings it had been usual to 
provide one or two sets of grooves up and down stream of the shutter in which 
planks, backed by earth, could be placed in case of any accident to the 
gate, or it is possible to place baulks of timber across the upstream noses 
of the piers. He pointed out that with these large spans any of these devices 
would be impossible and he asked what would be done if the gate got jammed 
and would not go up or down as required. It was admitted by the Madras 
Engineers that nothing could be done but cut the chains, if the shutter was 
up, and to let it drop, it was thought it would be unlikely to get jammed as 
the recess in which it works is a wide one. Mr. Marsh was not satisfied and 
thought some second line of defence should be devised; be had known instances 
in the United Provinces in which gates liad got jammed and in which hopeless 
damage would have been done if there had not been a second line of defence. 

Mr. Preston thought that somo moans of getting the shutters up or down 
■would certainly he found hy the Engineer in charge ; these large spans had 
■been in use in Madras for 3 or 4 years and no instance bad yet occurred in 
which there had been difficulty in working them. Mr. Davidson Lad said 
they bad given the Engineers complete control over the regulation of the 
Tanjore delta and they undoubtedly gave immense command over the river as 
having no raised weir it is possible to scour deposits from the river anywhere. 

Mr. Preston invited attention to the great difference between the coarseness 
of the sand in the Madras delta and that found in the rivers of the Punjab and 
United Provinces and ho had the specimens of the sand from most of the rivers 
in India, which were collected by Mr, Spring when writing his monograph on 
river training, produced for inspection. He pointed out that the sand of the 
Madras river was like boulders compared with that of the upcountry rivers and 
this would have to be taken into consideration in comparing the cost of a 
barrage of the Madras type with that of a weir with falling shutters. He 
was much struck in visiting the Madras works at the small amount "of 
protection which was found necessary up and down stream of the works and 
this was lai’gely due to the much coareor material in the beds of tbo rivers. 
The. Madras Engineers were much to bo congratulated in having such material 
to found in. Mr. Preston thought it would be of great interest, if the Madras 
Engineers would state ' the cost of their barrage with large shutters per foot 
run, or per span, so that upcountry men could compare it with that of a raised 
weir with falling shutters and undersluices ; of course the latter would have 
to make allowance for the different foundations which would be neoessai’y due 
to the difference in the quality of tlie sand of the river bed already alluded to 
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MONDAY AFTERNOON. 


The papers sot down for consideration were — 

6. Mr. Whito’s on “ Suction Dredgers.” 

7. Mr. StaArell’s on ” Sonc Oanal He.nd ‘Works.” 

B. Mr-. Marsh’s on Weirs in Eohilkhand.” 

9. & 10. Mr. Hutton’s on tiie Financial llesults of the Dcoband Branch, 
Upper Ganges Canal and of certain Di'ainage Cuts. 

Mr. C. A. 'W^hite, Avho presided, in introducing his paper suggested that 
its subject ” Suction "Dredgiug ” is of the very greatest importance for the 
prosperity and adTancement of India, and Suction Dredging should be univer- 
sally adopted in India. On tlie second page of the paper ho detailed four 
different works lor which it is suitable. 

He said as regards Harbours, (bat a few months ago returning from 
England be was kept waiting outside the bar at Karachi for want of water. 
Inside he saw a few bucket dredgers raising their 1,000 cubic feet an hour or 
less. Karachi is an excellent place for Suction Dredging and land reclamation, 
either on the system so successfully adopted in Antwerp, as illustrated in the 
paper, or by Mr, Darley’s system of dumping it in some suitable place, and 
puinx>ing it thence on to the land to bo reclaimed as is practised in New South 
Wales. 

Any one who has been to Karachi knows there are large swamps round 
the harbour and docks wbich would be valuable building ground if reclaimed. 

The particular points on which ho invited discussion are noted at the 
bottom of page 2 of the paper, and arc as follows : — 

(a) the best type of dredger to out a channel 5 miles long with 100 feet 
base, 5 to 10 feet deptli, in a river like the Bha^rathi, which is, 
say, half a mile broad, with depth of water varying from 3 to 25 
feet, and velocity from 1 to 5 miles an hour ; 

(&) the best means of disposing of the soil; 

(c) the best means of handling the dredgers ; 

(cl) the number of suction pipes and nozssles to be used for cutting 
the channel mentioned above to a fairly level bed. 

Continuing Mr, White said, you arc no doubt aware the Bhagirathi is tho 
river connecting the Ganges and tho Hooghly and is the direct river route to 
Calcutta from upcountry. Government is anxious to open up this channel 
which has deteriorated, and proposes to obtain a large Suction Dredger for the 
purpose. 

. No discussion followed these remarks, as tho subject is ono on which oanal 
Engineers in India have had no practical experience. It was generally 
considered that tho paper was interesting as bringing the subject^ to their 
notice, but owing to tlie cheapness of labour in India the great proportion of the 
canal clearance work is effected by coolies wlion tbc canals are closed. 

Tho meeting then proceeded to tho consideration of Mr. Stawell’s paper. 

Ml*. White said — It is very interesting to hear that Mr. Buckley has suc- 
cessfully introduced the system of hydraulic gear for releasing the under- 
sluices of the Sone Hoad Works, a system lie so strongly advocated for India 
when he read a* paper before the Institution of Civil Engineers in 1880 on 
’* Moveable dams in Indian iveirs,” a copy of which can bo found in the 
'* Professional papers on Indian Engineering ” dated April 1880. 

+ A more elaborate system than that described in this paper was invented 
by Mr. Girard in 1869 for regulating a navigation weir at Ho Brulde on the 
Yonne Kiver by which any shutter (11 A' long by C' high) oan be raised or 
lowered at will. 


• Vide — MinutfB of Ptooeodinf! 1. C. 13. Vol. LX. (Paper No. 1670). 
t Vide — Uirers aod Canal* by L. E. Vornott-Hntcoart page 120, Edition of 1832. 
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Hydraulic power must giTe a muoli greater control over tlie weir, tlian 
any other means, obviously the next thing to be done for the Sone weir is to 
provide hydraulic power for raising the undersluice gates 'when funds become 
available. 

He suggested that more control could be obtained over the crest shutters 
if the tie rods were fixed at different heights, so that the shutters fell with 
different heights of water. • This was successfully done for 'Hidnapur -weir and 
also to the shutters of the Paricha weir. 

The concluding remark of Mr. Stawell’s paper is an important one, it 
reads— 

** The improvements desoribed above are due to Mr, R, 33. Buckley, late 
Chief Engineer of Bengal. They have given more control in the 

. working of the weir and enable a fairly constant head being kept 

in the river to meet the demand for irrigation ; the only thing now 
needed being some means whereby the crest shutters of the weir 
itself can be controlled and some method of lifting the lower 
' undersluice gates or assisting the manual labour now employed to 

pull them up. Some system of scouring pipes is also require to 
clear away the sand and silt that collects in front of the upper gate 
when it is raised and which has to he cleared aw’ay by divers 
before the gate can be laid down.” 

It has several times been proposed to closo the contro sluices of the 
Madauuddy weir, Mr. llhind was opposed to it. The speaker revived the idea 
p few years ago, but believed the proposal was again negatived. 

An Engineer held up, as an argument against closing the centre sluices, 
the evil results that had happened from closing those of the Sone weir, saying 
that the result was that when a flood came, the pool in the river bed down- 
stream was not tilled quickly euough, so that a standing w;ave was formed at 
the bottom of the apron, wbiob broke up the pitoliing. 

Mr. Stawell can doubtless say if there is anything in this objection, and 
also if closing the contra sluice bos caused any increase in the height of the 
flood, he mentions that it has increased the duration. 

Mr. Stawell in reply said — On the Sone Canals system the most impoi*tant 
time is the kbarif irrigation for the rice crop ; a time when the river is most 
liable to heavy floods. 

Erom observations made it has been decided that in order to keep silt out 
of the canal and to avoid an excessive expenditure on dredging it is advisable 
to keep the undersluice gates up as long as possible and that, when the flood 
necessitates all the undersluices being dropped, the canal head should be 
entirely closed and kept closed nutil, at least, five of the undorsluices have 
been again raised. 

To avoid any undue strain on the undersluices and on the chains holding 
up the gates the shutters on the weir are dropped when the river rises in flood 
to a level of lO-fiO on the gauge. 

The retention of the shutters until the flood reaches this level has been 
'rendered possible by the hydraulic gear of the undersluices. TThethor they 
could be left up without risk for a higher stage of the river 1ms not yet been 
decided. The experiment is risky as the whole of the undersluices might be 
carried away as has happened once before ; or the weir shutters themselves might 
.be badly damaged if more than about 6" of water was allowed to fall over them. 
There is also the difficulty of getting at any particular shutter on the weir if 
anything went wrong witli its releasing gear, should a considerable depth of 
water be flowing over the top of it. It would bo almost impossible to get out 
the movable foot bridge, which is the only means of getting at any indivi- 
dual shutter. The raising of the undezsluioe gates is a difficulty. At present 
.only di, or at the most 6, can he raised in a day owing to the sand that accumu- 
lates wheu the advance gate is raised, this prevents it being laid down flat on 
the floor till the sand has been cleared away ; this lias to be done by men 
diving down and clearing it with their hands. 

The needle weir admits of the undersluice gates being raised at a higher 
.stage of the river than formerly, hut the higher the river level the greater the 



quantity oE sand deposited when the front gate is got up and therefore the 
greater the delay in getting up any number of gates. This contrivance is 
therefore, practically, very seldom used and only in cases when there is a great 
demand and there has been a fairly long closure of the canals. 

It is also advisalDle not to lift the front gate at too high a stage of the river 
for fear of damaging it hy the shoch. Tliis, even -with the needle -weir, is 
considerable with a high gauge ; and there is still danger of tlio hydraulic 
rams being driven through tlic gates, ns has happened, although it is much less 
than it t\sed to be. 

The crest shutter? on the weir can onty he upcd h* keep up the level of 
the river after the undcrsluice gates h-ivo been raised. To lift them first 
would not mend matters at all as they would only tend to miso tho level of the 
i’ivcr aiid delay the raising of the iindcrsluiee g.atcsand tho opening of the 
canal. If the canal is opened before some of the undcrsluicc gates are up 
the head ro.ach becomes clioked with silt and if sonic of them have to be got 
up, it is as well to get all up before raising ihe crest shutters. 

The difiiculty witli the sand, which prevents the undersluice gates being' 
raised rapidly, e.an only he overcome by introducing some system whereby the 
deposit can bo scoured out and c-arried down below tho weir, Mr. White had 
suggested that more control could he obtained over the crest shutters if the 
suspension rods were fixed at dilTerent height, a. This has to a certain extent 
been done, and has been fairly successful. The difficulty, however, is to fix the 
rods so that the shutter will fall at a rcasonahlc height of flood and avoid any 
pounding on, and damage to, tho weir packing due to water falling over the 
top of the shutters. 

Regarding the effect of closing the centre sluices it is hard to say any tiling 
definite. There is no doubt that the duration of floods has been increased ; 
but- there arc no records available to sliow what increase has been made in tbo 
height of flood above tho weir. 

One of tho objects of the centre sluices was to fill up the pool bolow the 
weir and prevent damage to tlie too of tho slope. In 1903 there wore three 
breaks in the weir slope. This was due probablj’ to the low floods not having 
filled up the lower pool and the standing wave acting on the too instead of, as 
was formerly tho case on tho slope, this would induce a scour, with the result 
that the too eventually gave way. In 1904i tho toe was extended in order to 
prevent this action as far as possible. 

It does not scorn that tho application of hydraulic power is possible to 
raise tho undersluico gates. The force to bo employed to overcome the resist- 
ance of the water going through tho undersluico vents would ho enormous 
and tho shutter would have to he extremely strong to resist it. 

Mr. Stawell would have a shutter on tho weir crest over which thoro 
would bo porfeot control and wdiich could easily be lifted against a head of 
2 feet j tlio length of tho gone weir is against any of the present patterns in use 
on other weirs. Hydraulic power could be utilized for this, but tho expense 
would he great and would entail a good deal of alteration to tho weir itselfi 

Referring to tho paper by Mr. Marsh on weirs in Rohilkhand, Mr. White 
circulated plans showing tho sites proposed for two weirs across 'the rivers, 
Bagrathi and Kurala in North Bohar. Ho said the conditions of both are 
very similar, tho lands to be irrigated are .subjeefc to famine and lie along the 
Nepaul Brontior, for this reason the weirs must be placed as close as possible to 
the boundary, there are also other limitations which fix the silo of tho weirs 
and prevent their being built further away from tho frontier. 

In both cases tho main idvor is at present running along tlic hank opposite 
to that on which the canal will take out ; in the case of the Bagrathi there is 
some room above tho Avoir on the right whore training Avorks can he constructed 
to force tho main channel over to tho left hank from Avhicli the canal Avill take 
off. But in the ease of the Kumla the only Avay to bring tbo river to tho 
head sluice appears to be hy damming the river above and making a cut thence 
across to the undorsluices. As against the probable success of this scheme 
it may bo noted that at the head sluice of the Western Jumna Canal it has 
674 E. & A., 0. W. ■ o 
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tccn found that undersluices are powerless to influence, the current of the rivet, 
for any great distance of stream and it is sometimes necessary in the cold 
weather to make a out through the heavy shingle deposits above the weir to 
lead the water of the river to the head sluice. Also on the Upper Ooleroon in 
Madras although the undersluices are one-twelfth of the whole weir yet the 
weir channel above silts up. A railway is contemplated near the Bagrathi 
weir and a bridge will be required a little lower down, hence the suggestion 
has been made that as the sites were so limited a combined railway bridge 
and weir might be constructed, no such conjunction was known to be in actual 
existence in this country, but it was considered that it would be quite feasible. 

Mr. Preston said that in his opinion it would bo better in the case of the 
Eumla project to force the river hack into its old channel along the eastern 
bank if the Nepaul Durbar would agree. If it would not, he would accept the 
conditions as they exist, extend the canal across the old silted up channel 
and build the head works on the existing river channel even though the 
foundations would be in sand instead of in clay. None of the^ members of the 
Conference knew of an instance of a railway bridge being combined with a weir, 
hut several thought there would be no objection if any advantage would be 
gained by it. 

The papers by Mr. Hutton are interesting as a record of works which 
were successful from a revenue point of view, hut these subjects did not lend 
themselves to discussion. 
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TUESDAY MORNING. 

The papei’s set down for this sitting were as follows : — 

11. Mr. Beaton’s on Silting Operations to Strengthen High Canal Banks. 

12. Mr. Benton’s on Proposed Syphon for Passing the Lower Bari 

Doah Canal Under the Ravi River. 

13. On Thapangaing Aqncdnctj Mandalay Canal. 

Id-. Mr. Parrant’s on Steel Tuhe Syphon, Swat River Canal. 

Ii5. Mr. Favrant’s on Proposed Suketar Superpassago, Upper Jhelum 
Canal Project. 

16. Mr. Kennedy’s notes on " Absorption Losses on Canals. ” 

Mr. Benton, who presided, called on Mr. Kennedy to open the discussion. 
The latter said he thought definite rales .should be issued that in all now schemes 
the hanks should he sat back as proposed by Mr. Benton wherever there is likely 
to be any danger of breaching. As to how much this should bo, the best criterion 
appears to bo the inclination of a line joining the outer toe of the bank with 
the edge of the water surface, after the inside silting is completed. I3y roughly 
dran'ing out various sections, he arrived at the conclusion that this inclina- 
tion should he noi less than one in six and in special cases should be more. 

There are however still many cases on the older canals where it is too 
late to use internal silting, and sooner or lator it will be necessary to have 
recourse to the “ Long Reach ” system, whore the whole canal is turned into 
outside reaohes. Cases arc very frequent where outer hanks have been made 
up for this purpose, but owing to their being too near the inner banks to 
carry tho whole supply, they have never boon used, and if they had been, 
there would have been no silt deposited from the velocity being too great. 

In such cases also definite instructions are required, and in order to arrive at 
these, wo must assume that tho final silting of bed of these outer reaches will reach 
a certain depth below full supply level. For whatever period these silting 
reaches are allowed to go on working, a limit of deposit would eventually ho 
reached, fixed by the increase in tho velocity of flow as tho bed silted ; and 
ultimately tho limiting depth of the water would he such, with the given 
discharge and hod width, that tho oritical velocity (Vo of Kennedy’s diagrams) 
for that depth would bo obtained. Now it is known from experience what these 
critical mean velocities are for various depths, and it will therefore ho quite 
simple to make out a rule for tho width of these long outside reaches ; once 
it is decided to what depth, below full supply level, silting is to lake place. 
Mr. Kennedy suggested that for small channels this might be 2’0 feet, and for 
largo canals, where tho cost of outside land was high, it might ho 3*0 feet. 

Then Lot D = Discharge. 

B=Bed width of outer reach. 

For a depth of 2-0 feet Vo=r3, andforS'O feet depth Vo=l-7; then wo 
have the following ; — 

For silling up to 2 feet below full supply level D=2Bxl'3 or 

Ditto 3 feet ditto D=3Bxl*7 or B=:^ 

Tho widths B, thus deduced, are really the average widths of flow in the 
outer reaches in the final stages, i.e., just below full supply lovel, or roughly 
tho width between the outer and inner banks just below the water lino, Tho 
last foot or so of silt would ho deposited very slowly, and if it is desired to com- 
plete up to tho 2 feet or 3 feet limits in ronsonablo time, and without having 
recourse to the wasteful system of ** in and out ” reaches, a greater breadth 
— than tile above expressions allow must be given. Assuming that 
instead of waiting till Vo is reached, it is stopped when 0‘80 Vo obtains, then 
the above values of B would he — 

, , for 2'0 feet depth .... g708 

and for 3*0 feet „ . . . . 

■ c 0 . 
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So that finally, as a rough and ready rale, it is found that the values of B 
should never be less than half the discharge in small channels j but for large 
canals may he as low as one-fourth the discharge, provided in this latter case 
wc are content with the limit of 3*0 feet full depth below full supply level. 

These widths arc unexpectedly largo and in may cases will be impracti- 
cable. Thus there is a sito on the 'Wostern Jumna Canal whore one bank only 
is very dangerous, and the discharge being 6,000 cusecs, the width required 
would be (i— ) =1,600 fefet. Here it will be necessary to be content with silting 
up to 4 feet below full supply level and this would still require a width of 
about (‘'g^)=920 feet. "171100 this limit has been reached, part of the outer 
silt and outer bank will have to be used to raise an outer very wide berm to 
the original canal bank, up to full supply level at least. 

Mr. Benton thought the difficulties discussed by Mr. Kennedy do not 
present themselves in practice : he said that what happens is that side silt 
helms form, and a channel of the same area as the canal and of about the 
same width and depth ‘^remains to be silted up by the “ In ” and “ Out ” 
system : this is what had actually occurred on the Chenab Canal. 

Mr. Hill said that in Bombay at any place they specially wanted to 
protect below a regulator or a bridge, recourse was had to bushing ; the bushes 
were put in at intervals of one yard, and it then silted up very rapidly ; in order 
to silt up the berms a double row of planks has never been used. 

Mr. Kanthack remarked that on the Jamrao Canal spurs the bushes were 
packed very tightly ; Punjab practice is to leave them as open as possible with 
a view simply to break the velocity and thus encourage the deposits of silt. 

Mr. HiU replied that in that instance the canal was scouring the sides 
of the bank, a very different matter ; the water was not above the level of 
borms. 

Mr. Nethersole said the United Provinces practice was to set hack the 
banks in preference to other devices for strengthening them. 

Mr. Johnston referred to the Lower Ganges Canal having been made 
double the size requiied, and enquired if this had been corrected by silting up 
the surplus width. 

Mr. Marsh said the canal was not made quite double the width necessary ; 
the authorities cut down the scope of the scheme. The facts were, there was a 
great deal of the tract commanded that was originally meant to be watered, which 
was fairly protected by wells, when this was eliminated from the scheme a good 
deal of the channel was too big. "VThentho Nadrai Aqueduct was wrecked, tho 
first 30 miles of this channel was used largely to pass water away into the 
escape. Weeds grew and became a nuisance ; and Mr. Beresford commenced 
to contract it to obtain a higher velocity ; this swept away tho weeds and 
roots. Mr, Marsh carried on that principle by putting the earthen spurs still 
closer; and thus got an invaluable berm along the edge. 

Mr. McLeod continuing this subject said in the first instance the spurs 
were kept 1 furlong apart, then at half furlong intervals and lastly at 65 
yards. The main ones are protected, the other’s merely turfed ; they stood 
perfectly well. There is very little jungle wood available near the Lower 
Ganges Canal, so it could not be used as, Mr. Benton said, is the practice in 
the Punjab. 

Mr. Marsh said he was for many years a great advocate of brushwood 
spurs ; they answer perfectly well for half the year, then, as soon as a closure 
comes, they are exposed and rot. 

Mr. Hill enquired from the President what width he would recommend 
banks to be set Wk; he said that on the Jamrao Canal some of the banks 
were set back 60 feet. 

Mr. Benton thought they should be set back sufficiently far lo give a 
good substantial bank, say, about 16 feet ; in the ease of a canal crossing a 
very deep depression 30 to 4.0 feet might be advisable. 

Mr. Preston thought there are two considerations which come into play, 
(1) the amount of earth given by the grading for making banks, that is to say, 
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the amount the bed is below, or possibly above ground, on which depends the 
amount of earth required from borrows to make up the minimum banks, (2) 
the amoxmt of earth required for the ultimate bank ; if there is sufficient earth 
from the digging, then the question is merely one of setting back the banks 
sufficiently far to got a watertight hank ultimately. The first question 
determines the amount of earth required to bo dug in tho interior of the 
cbatincl ; the second is simply a question of getting the silt for a watertight 
bank. Punjab practice has boon to endeavour to obtain a 10 feet silt berm, 
and he thought that is ample ; if a silt deposit oC 10 feet could ho obtained, 
he thought there would not be mueb leak.agc. An excessive width of silt berm 
encouraged the growth of jungle and required considerable expenditure on 
maintenance. He therefore thought ten feet is sufficient to set the bank back 
if there is enough earth in the excavation, to make the banks, if there is not 
snfficient, they should set back sufficiently to get the soil required to make the 
normal hanks. 


JTr. Benton^s impcr on the SifpJion Proposed for Passing the Supply for Bower 

Bari Booh Canal Under the Bati. 

Hr. Preston said he would like to know the basis for the statement in 
paragraph C (ii) “ that the steel tube syphon with g-" plates could not be 
regarded as a permanent work since the tubes would have to bo renewed at 
great cost in about 25 or 30 years.” If it is a pure guess, based on the sup- 
posed life of cast iron pipes used for convoying water for the supply of towns, 
he would not be prepared to endorse it. He thought the matter is important, 
and the circumstances would bo much altered if instead of being 25 to 30 years 
it proved to be 50, 60 or 70 years. He regretted that he was unable to give 
data on this point, hut he was able to indicate where it might be obtained. 
Twenty-two years ago he had built a syphon of this description, under the 
Sutlej navigation Canal. Speaking from memory, it consisted of either 
or -J" boiler plate, and was set in 18" of concrete. He had never heard 
of any trouble in connection with it. He thought that if the Punjab 
Engineers could dry this syphou and boro tlu*ough one of the plates, it would 
give valuahlo experience and be worth spending a few hundred rupees in 
making an inspection of the condition of the plates. The drawing must 
ho in the Executive Engineer’s office showing tho material used in it. If 
this were done, it would be possible to deduce something for guidance iu future ; 
at present wc have nothing to go on in determining the life of iron in those 
circumstances. 

Mr. Marsh said there is an iron syphon -near Saharanpore which was built 
in 1860 ; it bas worked satis Caotorily. 

Mr. 0, A. White also knew of a 3^' pipe which was laid in the Panjea- 
'para river in 1880; it was made of iron plates, the whole being sunk below 
water level ; the other day ho enquired how it was answering and was informed 
that it is as good as ever ; it is in salt water and has got a little silted up ; it 
passes 25 cusecs. 

Mr. Bouton considered the, suggestion a very important one and he 
undertook to carry out the examination suggested, tho result is given in 
Appendix A below., 

Mr., Heunedy said if a masonry syphon is possible at all, the design is 
very suitable and sound in every way. Tho only extra precaution he could 
suggest is, that the upstream side spurs should be longer and more like “ Bells 
Bunds ” with curved ends, as otherwise tho river might easily get behind the 
ends of the syphon. Tho possibility of unwatering down to 27 feet or even 20 
feet below spring water level seemed to him more than doubtful. Tho whole 
■foundations would become more or less a quicksand and under such conditions 
it would be impossible to ensure a really sound concrete foundation slab — parti- 
cularly as the thickness under tho inverts is only I'di feet. Sand would ho sure 
to blow up with subsequent settlement and cracks. It is one thing to pump 
down to such depths for a weir, when merely loose stone is filled in, and subse- 
quent settlement is immaterial, but quite ahotbor thing when tho foundations 
must be absolutely stable. 

674.E.&A.,C.W. 
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The altomativc of a weir to pass tlio water aci’oss the river seems to 
(loserro more consideration and may possibly turn out the host solution of the 
problem. Tho objection to the groat amount of heading up required, 8' to 16' 
(paragraph 6), may lie to a great extent remedied by taking the crossing 5 or 
lU miles fartlicr tip the river, i.e., keeping the canal levels on the loft hank of 
the river as fixed at the present reduced level. The gain in this respect would 
of course do2iond on the difforenoo in slope of tho river and canal which is 
prohahly about one foot per mile. No undorsluiocs should ho necessary here 
and a simple shutter woir, 3,300 foot long, would he all that was required, costing 
jirohably much less than a syphon. A collateral advantage in a weir would he, 
that in case of need a supply could be sent down to tho Sidhnni Canal, and 
sooner or later, at certain times of the year, this would be required. In fact 
even if a syphon bo built, provision should be made for passing a supply into 
the river for uso in the Sidlinai Canal if not merely to act as a safety escape. 

Sir. Benton in reply said he had had an alternative design prepared 
with the whole work raised 7 feet, which would reduce pumping from 27 feet 
to 20 feet, but would involve lengthening of the syphon and building tho work 
at a level which would make it a weir 3 feet in height over moan bed level of 
the river, while the cost would be 2^ lakhs of rupees greator than that of the 
design under consideration. The river basin does not oiler any facilities for the 
alternative proposed by ilr. Kennedy which would involve heavy expenditure 
on training works. It is recognised that long spurs are desirable in connection 
with the syphon, and tliat heavy cost is the only objection : they will he made 
of sndieient length to enstiro safety. As regards the supply of water to the 
Sidhnai Canal it must he remembered that water thrown in .at the syphon cross- 
ing would he mostlj' lost in the drybed of the Ravi before it reached the Sidlmai 
Canal head works; 4,000 cnsecs might be lost in the distance to ho traversed, 

Mr. Kennedy had said no nndorslnices would he required; hut he 
( Mr. Benton ) was of opinion they would ho necessary, as it would be impos- 
sible to take off from any river like tho Kavi without undcrsluices. 

Mr. Marsh enquired whether it water was lost to the Sidhnai Canal it 
would not benefit the lands, hut was informed that there is no Aadtr or low 
lying land on tho banks of a river to the Ravi in this length. lie suggested 
that it might increase the spring level, but Mr. Kanthnok who knou’s tho 
locality did not think it would. "Mr. Marsh, continuing, said that recently 
in connection with the proposal to convey water from the Sarda River to tho 
Ganges it had boon estimated that a scheme similar to that suggested by 
Mr. Kennedy would be Letter than a syphon. 

Mr. Netliersolc also thought level crossings had been found advisable 
where they could be arranged. Mr. Rose objected on the grounds that a level 
crossing meant loss of irater. Mr. Benton had estimated that the loss by 
absorption in 200 miles of the river Ravi would ho 4,800 cnsecs. 

^Ir. Freston suggested that this might be a case in which a barrage of 
the IMadras type with gates of large span might bo most suitable. He said 
that in his official capacity he would have to note on tho work now under 
consideration, and he would bo very glad to know the cost of a crossing on the 
Madras principle. He believed the bed of the Ravi is clay which would make 
ft veiy suitable. 

Ml’. Maconchy enquired whether a lot of silt would not collect above 
the gates, and Mr. Benton added that it would bo necessary to consider this 
question ; it was slated at tho, previous days’ discussion that in Madras there is 
not as much fine sand as in the Punjab rivers. 

Mr. Davidson admitted that although the material in Madras is not so 
fine there is a lot of sand and the canals do silt up for the first mile or so. 
.He thought the gates across tho whole river would, to a great extent, 
remedy this, as when the river is in flood instead of checking it by a weir the 
gates would be raised to let it go past carrying the silt with it. The view he 
took of the advantage of these gates was as the river falls the velocity decreases 
and the movement of sand is very much reduced. By the time the gates are 
lowered tho velocity has'hcen so far checked, that the same ^amount of sand 
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cannot bo cam'cd as before. The aili on wbicli the g-atos fall is absolutely on 
bcfl level thus offering no obstruction, the sill of tlio canal should be above river 
bed level, and its alignment at right angles to the river. 

Sir. Benton agreed that the suggestion for a barrage, if the cost Avill not 
forbid it, is perfectly practicable and has many advantages ; it would bo neces- 
sary to ooTiRulor (1) first cost, (2) cost of renewals, (3) cost of maintenance 
and establishment on the works, la reply to I^fr. Baker he said it is not abso- 
lutely nccossarj’ to ptudy economy too closely if tl'.p vrnrk is really advisable on 
engineering grounds, but it is very desirable to do so r.s engineers must consider 
both economy and eifidenoy. 

Sir. Hose invited attention io thn question of downstream protection 
It seemed to him that with a discharge of 20i),000 eusecs in the river and 
■witii a berm of SO feet wide and 3.1 feet ihic.k, the apron shown in the 
design is quite insuftideiit : the action on it will be very great, and he 
tbought there should ho eonsidorahly more prof fiction downstream than is 
proposed. 

!Jrr. Bouton admitted it may ho* desirahh: ; it is a question of how 
much is necessary under tlie eircum stances which are rather unusual ; in this 
case the foundations arc A'ory deep and it is scarcely likely that the work can 
ever fail by scour, and in any circumstances the protection can he increased 
afterwards if found neco.esary. There is no reason to suppose that the founda- 
tions will consist of a quick sand. 

Hr. Preston referred to paragraph G (■/) of the paper in which it is 
said the cost of a lube syphon would greatly exceed that of a masonry one, 
the amounts of the two estimates being Bs, 22,82,SG7 and Rs. 19,89,870, 
respectively.” He did not question the statement which is doubtless founded 
on estimate, hut lie was extremely surprised it is so and would like to know 
the reason. 

3Iv. Benton said that steel tubes inch thick and 11*4; feet in diameter 
would require to be cased in a mass of concrete about 15 inches in thickness 
since a foundation for them would bo required ; also some protection would 
be neecssary on the top : this casing enhances the cost. It had been estimated 
that if cased in clay a steel syphon would be cheaper, but he considered 
it very necessary to liavc concrete to jircvcnt deformation and collapse of the 
tubes. Ho bad considered the use of reinforced concrete for these tubes. A 
G-incb layer of cement concrete would be required at the top for the steel to bo 
embedded in, while it is uncertain if the Portland cement and kankar lime 
concrete will have the same rates of expansion and contraction and continue 
to adhere togotlier. 

Mr. Stanley suggested that a thin arcli of cement concrete would bo 
sufficient for all purposes. A thickness of 8 inches at the outside at the crown 
of reinforced concrete ijromises to answer, and he gave measurements of mate- 
rials employed in the construction of a Higbt House. 

Mr. Benton, however, considered a strong wearing protection coat is 
required at river bed level, and Avas of ojiiniou that thin unprotected arches 
would bo unsafe. He was, however, prepared to consider the question of re- 
inforced concrete, but as a groat deal Avill depend on tho syphon it would be 
advisable to have some experiments made before implicitly relying on this 
device. 

Mr. Mackcnric enquired if it is necessary for reinforced concrete to 
bo mado with Portland cement. 

Mr. Stanley said ho holioved it is and that lime concrete will not 
answer. He beard that some experiments are being made by Mr. DuOane 
Smith c in the Punjab, but no conclusions have yet been arrived at. 

Mr. Visvesveraya said some cxperimotils are also being made in Poona 
with local lime. 

Mr. 0. A. WhitG alluded to the syphons on the Tribcui Canal for pass- 
ing drainage under the canal. Tho question bo was interested in is tho thickness 



i‘6commcudod for tho crown of tbc masonry arch ; Mr. Buokcly calculated for 
less than one-tliivd of Uio hydrostatic head of pressure, Sir T. Higham said it 
must not he loss than one-third. In one of these papers the thickness is stated 
to be O’-ji of the head. At present Bengal practice is to make it one-third. 
Those streams are near tho hills and torrents como down in flood suddenly, so 
ho thought the shook from static pressure should be allowed for. 

Mr. Benton thought what should bo, done is to work up from the ovcl 
of the wator downstream, taking into account resistance in the syphon barrel, 
loss of head at tlio entrance and loss of head in giving incrensod velocity ; tho 
hydraulic gr.idient can thou bo drawn which will show tho head at any point. 
Tlie thickness should be such that the weight of masonry resisting blowing up 
action will cxcocd tho prossurc of tho water unless tho work is to he given tie 
rods or to depend on the mortar to a small safe osd:cnt. The coofllcicnt O'di was 
only usod as a first rough approximation. The theory is clearly laid down in 
tho paper on the Bavi Syiihon : tho only loss of head not taken into account is that 
duo to changos of dirootion which is very small in amount. He did not rccom- 
mond procoduro by rule of thumb : adopting the ncooplod theory on the .subjeot 
as laid down in Professor Unwin’s Hydro- jMoclianics it cau ho seen on deduefing 
the weight of the masonry from the upward water pressure what is the 
resulting bending moment and intensity of stress at tho crown of tho arches : 
if the intensity of stress on the mortar is low and quite safe, the design may he 
accepted as secure. He was prepared to rely to some extent on the tensile 
strength of the mortar if there is a factor of safety of 8 to 10. 


APPENDIX A. 

Wrought iron tube srplions under the Sutlej Navigation Ciiannol, Sirliind 


Canal. 


Syplion at mile .11—510 Icrf. 

Mile d'—aiOO Icrf. 

Original tliickncss 

• 

. . .1 inch 

^ inch. 

Prefcnt „ 

« 

. . indi (full) 

f inch. 

Pcriuil in use . 

• 

. . 23 years 

13 years. 

Present condition . 

■ 

. . Covered with a tliin 

cealiiwc of rnst l»iil 
otlicrwiso in good 
condition. 

Very slight co.aUng 
of rnst hut in 
good condition. 


The above seems to show that the wear of iron tubes in these circum- 
stances is very small, and that they will probably have a long life. 


Mr. Farranl's jiajier on Steel Tube Sj/phons, Stoat JRiver Canal, 

Mr. Preston said the only remark he had to make was as regards what 
is said in paragraphs D and 10, a very much lower head though the syphon has 
been found necessary in actual iiractico than is given by the formula used. 
A fall of (t feet had been allowed in tho design ; tlic fall through tho work 
had never reached 3 feet even for tho largest discharge that had been 
originally calculated for. The original maximum discharge was 9-1 feet, in 
tho last ohserrations tho discharge was 102 feet with a head of 2’79 foot. 
Expansion joints bad hoou provided, hut he understands from tho paper that 
they have never como into operation. 

Mr. Nothcrsole enquired if this syphon was found cheaper than a 
masonry one. 

Mr. Preston thought it unquestionably was ; a reference to tho diagram 
shows that there is a head of slO feet of wator on it. It a masonry syphon had 
been made with a 40 feet head of pressure it would have been necessary to _ go 
down very deep ; indeed in these circumstances an iron strueturo of some kind 
was imperative. Ho thought these syphons had been eminently successful and 
they have worked extremely well ; *ho had built seven at least under varying 
conditions *, but those on tho Swat Biver Canal arc the largest. 



Mr. Netliersolo rcHiarlcod that if Mr. Bcnioii found ,an 11 feet steel 
tube too expensive, ho mig'lit arrive at a cheaper design for the Eavi Syphon 
recently discussed by adopting smaller tubes requiring less expenditure in 
concrete casing. 

Mr. Benton said this had already boon worked out, and tbc smaller tubes 
have been replaced by larger ones in order to reduce the cost. Steel tube 
syphons are proposed to be lai'gcly used on the Upper Ohonab Canal, as the 
discharges arc not very aceur.ilcly known, wliiic* works of this class will not 
fail by blowing up. 

Mr. Llackcnzio adcod if tbc question of c.xpansion and contraction does 
not apply to reinforced concrete, and wb-'t-lier reinforced coucreto could bo 
made with stone lime mortar. 

Mr." Stanley stated that it depends on the ndliosiou of the cement 
concrete to the metal cmhothlcd in it, which is vciy great, and on the fact 
t hat the expansion of steel and iron is almost exactly the same as that of 
cement concret e. 

With reference to the question of the discharge through these syphons 
Mr. Kauthack stated that cases had been worked out and it was found 
that Joss at entrance and that due to bends could be ignored ■without causing 
an error of more than one per cent. Mr. h'arr.int’s method of calculation was 
complicated. 


Mr. Farrant’s pai^cr on the Design of Ihc Siilcclar SajicrimssagCi Upxui' 

Jhclum Canal Project. 

Mr. Kennedy remarked the “ humping up ” of the torrent bed by 
3*0 feet -will no doubt ensure a free outfall, should the bed down-stream ever 
rise ; but on the other hand, should the bed ever scour (which is just as likely 
as its rising) there "would ho a most dangerous rapid behind the right abut- 
ment, with a standing wave, and possibly a velocity of 20 or 30 feet per 
.second. He did not think this contingoney had been suDQLoiontly provided for 
in the design ; the rapid floor shonld, in his opinion, bo carried 3 or d* feet below 
present torrent bed, and end in a drop wall 10 feet deep ; and the slope itself 
should bo of heavy hammer dressed stone, cement pointed. It is impossible 
to say how these torrent beds may vary — that on the Sirhiad Canal — 
referred to in paragraph d- of Mr. Warrant’s nolo, has slightly risen, duo to the 
river receding farther from the canal. It is not stated in the i)apor whether 
ihc same action is possible. Scour might result from the rivers approaching 
the canal, or from an extraordinary flood. 

Mr. Benton replying said the “ humiiing ” was given to ensure n free 
outfall. The Jholum Eiver may recede a mile or so, which would result in the 
bed of the torrent rising at the site of this work. It was desired to avoid the 
difficulty now experienced at the Siswan Suporpassage on the Sirhind Canal 
where the bed of the torrent has risen about 3 foot owing to the Sutloj Eiver 
receding. The velocities mentioned by klr. Kennedy .arc greatly in excess of 
those possible at this Suporpassage. Tlic design is a project one and not the 
final working plan. TIio advisability of loAvoring the work and especially the 
talus of the rapid are questions which will bo considered afresh in preparing 
tlie final design. 


Mr. Kennedg’s notes on “ Absorption Dosses on Canals.” 

Mr, Hill said Mr. Mawson had asked him to jiut the following point 
before the Conforenco. Ho' said that absorption varied according to the soil, 
when the soil was hard the proper thing to do was to run the water as fast as 
possible, then he argued that whore the soil was very poi’Ous it was hotter not 
to run the water fast but slowly and let it silt up tbc bed. Mr. Hill could not 
quite follow his argument of running the water slowly, the velocity should 
diminish the loss by absorption. 

Mr. Benton said speed of water had not much to do with tho matter ; a 
high volooity would prevent the deposit of tho puddle lining that tho water 
■travelling at a slower volooity might lay down. 

674 B & A. 0 W n 
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Mr. Ilill scomod to tliink tliat tlio faster tlie water flowed tlio loss ttio 
loss W'ould be, as it depends on two factors — 

(1) Olmracter of soil ; 

(2) Wetted area. 

Idr. Preston said liis difflcultj in oonneotion with percolation was to see 
it; ho had tried many times but had never been able to see the water going 
through the soil. As an instance, on the Chenab Canal the subsoil water at 
Lyallporc, when canal operations began, was 108 feet below the surface, he dug 
a well right alongside the canal bank and carried it down to 30 feet and yet he 
never came to any damp soil, it was all dry ; that the water does go down is 
obvious as he has been informed the 108 feet water level in the well has now 
risen to 00 feet, i.c,, a rise of 18 fcot in ten years. 

Mr. Benton said lio bad done the same thing as Mr. Preston and got the 
same results. 

Mr. Bose said that on tho Bari Boab Canal a great deal of water can 
ho soon going off, but ^Ir. Proston observed that it is not absorption, but 
leakage through the bank, which is different. 
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TUESDAY AETEBNOON. 


The papers sefc down for this meeting were — 

17. Mr. Hill’s paper on "Earthen Dams.” 

IS. „ „ 5 , „ proposed High Masonry Dam-Bhandardara. 

19, Mr. H. F. Mcl^eod’s paper on Injury to the Narora Weir and the 

Ecpaira. 

20, j, „ „ Failure o£ the Nadrai Escape. 

21, Mr. M, Yisvesvaraya’s paper on a new form of Module. 

• Mr. Hill, who presided, opened the discnssioii by saying — 

His papers all related, to one subject, Ju* had only a few remarks to 
make, he was of opinion that the hack of a dam should always be made of 
some material that is not affected by water, also a watertight core is 
required. The Bombay Government asked that a. few experiments might be 
made to asecrfc.'iin Ihe saturation of banks ; in the Deccan a great many 
tanks have not filled in 1901, so it has been impossible to make many experi- 
ments yet. One point has, however, I come out, namely, that the earth is 
saturated, trial pits have been dug in the bank in some cases, and in others 
holes have been bored and it has always been found that water rises in them. 

In the case of the Hubli Water Works dam, which has been constructed 
lately, there is good drainage, and the line of saturation comes roughly to 8 to 
1. Holes wore made in the hank with a drill and water rose in||tho boreholes 
the line of saluration shown on Plate No. Volume III is the actual water 
level in the dam. 

Another curious thing was found, namely, that when the tank was falling 
the level in the test hole nearest the water side was actually a little higher 
than Iho water in the tank j showing how thoroughly saturated the bank must 
have been. 

The fact of the water falling more slowly in the bank than in the tank 
shows bow necessary it is that the back of tbo tank should bo of some material 
not affected by water. 

Mr. Maconohy gave details of a dam in connection with Bradford 
watersupply, which bore out Mr. Hill’s idea that the toe is the weak point ; 
if it cannot he drained thoroughly by some material unaffected by water the 
hank will go. 

Mr. Hill continuing, said, if the foundations of tho dam are water- 
tight, the water must go through the toe of tho dam. The drain should be all 
tbo way up the bank by making the whole of the casing at the hack of the 
bank of good material. 

Mr. hlannors-Smitli said in some of the tanks at Jeypore Mr. Hill’s 
arrangement is carried out, the rear of tho slope is practically a natural filter 
•which has not been found to silt up. Tlie core walls are not carried down 
to the rock. 

Mr. Yisvesvaraya said on tho Shetphal tank in tho Deccan the slope 
of saturation is 2*71 to 1, the too has answered very well. 

Ml’. Preston enquired whother these tank embankments have a puddle 
wall .or not ? 

■ Mr. Hill replied that the centre part of tbo dam is practically 
puddle, being of selected material, e.e., clay or black cotton soil mixed with 
moorum (disintegrated trap rock). 

Syed Jaffer Hussin said there are two reservoirs in Gwalior State 
of which tbo bunds are made of black cotton soil but they bavo no puddlo 
core, the inner slope is 2 to 1, and there is a lower plaster like pitching. 
Ho noticed when the depth of water rose beyond IS feet, and if the hydraulic 
gradient was less than 6 to 1 there is invariably a bad slip at the toe. In 
1904 in the Tonga reservoir there wore four vory bad slips and ibe gradient 
was 4*38 to 1, the height of water being only 16 feet. In 190J, ^ in the 
reservoirs where the gradient was steeper ho decreased it by putting in 
a berm of gravol, and. then a course of stone ballast. This year there had 
been very heavy rainfall in Gwalior, di6'^ in about 66 days. 

p a 
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In all the banks which were constructed water flowed out, and after- 
wards tliey slipped badly uuder 16' heod> with a gradient of 4i’2. 

In the paper under discussion a gradfent of 4 to 1 has been proposed for 
heights up to 40', it seems to him possible tliat there may be some difference 
in the soil or the gradient suegested inoy suit bunds that have a puddle 
core or a hearting of selected'' soils ; bpt bis experience is that in bunds made 
purely of onrtli there is always a breach with depths above 15' if the gradient 
is less than 6 to 1. 

Mr. Hill thought tliat the above bears out precisely whnt he wished 
to place before the meeting, namely, that unless the too of. the bank is made 
of some material that won’t slip when wutor percolates tlirough it there will 
bo trouble. 

Mr. Marsh asked what is the meaning of water coming through 
watertight material ? 

Mr. mu replied it percolates. It you have a deep central puddle 
trench and t ho bock is founded on porohs material, water might not percolate 
below the dam ; if the dam is on ground level and is founded on rook then 
water must appear at the toe. 

Mr, Marsh enquired wliothcr material could not bo got below which 
will completely stop it ? 

Mr. ni!l had known wator go through a concrete wall; material 
will he wet oven with a masonry core. 

Mr. Preston said it scorned to him from tlio section of the Hubli 
TVatersupply that a toe wall had been deliberately introduced which will 
prevent drainage. 

Mr. mil agreed and thought it probable that the too wall is really 
of dry stone, carefully built. As a reforenoo to tbo levels shows that the 
water level on both sides of the too wall is about tbo same. 

Mr. Davidson wished to .ask a question regarding tbo Unkal Tank. 
IVould there be any danger of the water getting sufficient velocity and 
carrying away tbo earl 1» uuderneatb the passage between tbo earth and the 
rock. In Madras it iias boon consido>'t’d rather necessary to put in a solid 
core wall. 

Jlr. Hill did not think there is pny Uuw through tho dam suffioiont 
to carry away tho earth. In cases wiicro a dam is founded on rook tho 
praotioo is to put in a masonry w.ill a tew fool high. Ho did not think it is 
necessary as he is of opinion tlic oarth trill make a perfectly sound connection 
witli the rock. Ho was afraid of any earthen dam that reached a height of 70 
to SO feet. 

Mr, Afarsh staled that he knew of a tank in Agra filled with canal 
water'. Before any remedy u as applied water r.in out of it just like a sieve ; he 
obtained blue clay from the neigbboiwliood and put in about 2 feet at the 
bottom of this tank, since that time they have never lost a drop of water. 
■When it is said that water passes through a ualertigbt medium be supposed 
something of that kind could bo done. 

Mr. Hill did not think so, and said if lie bad tbo cloy ho would put 
it only into the essential core. 

Mr. Nothorsolo enquired whotlicy puddle walls would not be of. use 
In lowering tbo lino of saturation. It seemed to liim a very important point. 
Puddle oosts a good deal more than ordinary earth, if it is of no use why it 
is used at all, if it is of use why not eJnploy.it more extensively. At any rate 
above the lino of natural saturation that would enable tho thickness of dam 
to be reduced. 

Ml'. Preston thought a good deal depended on what is called puddle. 
The puddle bo had scon used upcountry, is not American puddle, ' nor is 
it tho puddle used in England. Puddlo in England is an expensive material, 
voi-y solid, the material is often carried very considerable distances, and^ it is 
invariably prepared in a pug mill ; as far as bis experience goes that is not 
the caso with so-callcd puddlo in this coiintry. 
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The great point is then, what is the class of puddle used in practice iu 
India ? in this respect it is not he feared what was really American, Continental 
or English material. 

Hr, Nethersole explained that a puddle - mixed with gravel can be 
made which will not crack. In Bundellchand the best material obtainable 
is black cotton soil ; what he wanted to ascertain is whether this can ever 
be used in the way Mr. Hill refers to or not, and whetljcr a puddle wall 
would be worth using in connection with it. 

Syed Jaffer Hussain said he constructed a puddle core wall 26' high 
of black cotton soil, mixed with Icanlccr (nodular limestone) ; the puddle 
was prepared and the wall constraoted just like the walls of village houses, 
ic was woU rammed and covered with dry earth ; in this way the wall was 
finished j the water rose up to 21', there was a rainfall of 5 to 6 inches, 
the water collected in the nola or stream, and after a fortnight it took down 
the whole of the outer toe, afterwards there was another heavy shower and 
(he whole hund was washed away. TThen (he matter was enquired into it 
appeared that water percolated tliroiigh the puddle wall ; Inter on the earth 
was removed to expose the puddle wall, it was found cracked up over ten 
feet in length. 

In 3 902 he constructed two core walls with hollow masonry each having 
S' clear chambers ; up to now they are quite safe, there is no sign of the 
outside earth getting moist. 

Hr. Preston thought that if a puddio wall is made of good material, 
carefully prepared and laid as carefully as bricks and mortar it is good, but 
the great fear and danger is that it is not carefully laid and it is then a source 
of danger. 

Mr. Hill in introducing his paper on a proposed high masonry dam at 
Bliandardara, said tho proposed dam will he 2D0' in height and the pres- 
sure at the bottom of a dam of that height will be rather high. 

At the Pausa dam a great many experiments were made as to the crush- 
ing strength of mortar, and from theso experiments it was found that with 
kankav and lime a crushing strength of over l,6001hs, per square inch can bo 
.ensured. He thought it would ho quite safe to increase the pressures higher 
than has been the practice in llic past and for the dam design at Bbandardai’a 
210 lbs. per square inch might bo assumed. He asked if any gentleman had 
made any experiments in connection with the crushing strength of materials ? 
He did not think the factor of safety, 6 or 6, is too small. Another difficulty 
in high dams is the outlet sluices when working under a great head, as tho 
friction is very great. Stoney’s gates have been suggested, ho feared the use 
of gates which may stick if there is no possibility of pushing them down ; 
perhaps there might he an 80' head to work against. In the Bhandardara 
dam it might bo as mucb as 160'. It did not therefore seem safe to rely on 
tlie gate being lowered, by its own weight. Mr. Beale, Superlntonding 
Engineer in Bombay, has designed a number of dams and suggests that 
a dam instead of having a regular profile should be built in steps, one 
advantage ho claims is that it facilitates scafTolding in building ; he thinks 
that for groat pressures it is possible to use difTcrent material, also that in 
calculating the pressure on the downstream edge of a dam it is not safe to 
calculate for a horizontal joint ; it should be taken as planes inclined towards 
the w'ator face and for incliued pianos tho pressure is greater. 

Mr. Mackenzie objected to building a dam in steps, he did not object to 
building the water face in steps ; but it is unadvisablc to build the downstream 
face that way, it requires much looking after as jungle seeds lodge on tho 
ledges and germinate ; ho know a dam built in stops which was eventually filled 
up with concrete because of tlio difficulty of keeping it clear. He strongly 
urged the advisability of making tho downstream side smooth. 


Injury to the Narora Weir, 

Mr. McLeod thought there woi’e a few tilings to notice in addition to wliat 
ho had said in the paper. 
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Tlie first structure of this typo, the only other river weir then completed 
in the provinces, viz., that across the Jamna below Delhi, being merely a 
heavily revetted stone bank thrown across the river and resting on the river 
bed. The designers of the ]Sarora weir wished to carry the foundation wells 
much deeper, those on the downstream side into the clay substratum, and on 
the upstream 15 feet below floor. This was oveiTuled by the sanctioning 
authority so that the crest wall wells are only 7 feet below floor and the 
downstream wells 17 feet below floor. The intervals between the crest wells 
are very tborougbly closed with piles and concrete, and those between the 
lower wells which are cylindrical are hut imperfectly closed with piles. 

'While the work was under construction, the floods were passed over a 
part of the completed floor and the under*sluices, there was strong scour along 
the face of the weir crest which was shaken and slightly subsided and the 
floor cracked to a length of 253 feet. This accident showed the necessity for 
protecting the upstream face and the kunkur and puddle apron was then 
introduced and the scour along the face wall restricted by pitched cross spurs. . 
These were too weak in section, they were some 80 feet long, with a width of 
6 feet, and were carried up to about 3 feet below crest level. They were 
invariably carried away and finally were replaced by two strong groynes, one 
on the loft flank of the under-slaioes, tho second in the centre of the weir. 
These groynes are about 010 feet in length over all with a top width of 48 feet 
and 1 to 1 stone pitched side slopes 6 feet in thickness. Downstream of the 
weir it was originally intended to carry the talus down to the clay bed, it being 
considered that the scour wquld gradually carry the material down to tho 
lowest level. There has practically been no scour except towards the undor- 
sluices. 

When the failure occurred a strong spring hurst up at the toe of the crest 
wall and passing under tho floor below tho ashlar blow a length of 200 feet 
of it upwards, it was* raised to a maximum of 2 feet but not a single stone was 
blown clean out. Then tho pressure passed under tho floor through tho lower 
curtains and blew up the grouted pitching below. 

Tho remedies applied are ns shown in tho plans. Upstream a strong 
protective apon consisting of 2.J feet clay puddle covered with 2 feet of 
pitching which is divided into compartments by cross-walls of block kunkur 
sot in lime at a distance of 70 feet from the crest wall, a lino of closely driven 
sheet piling encloses tbe work. Delow tho crest wall the injured floor was 
thoroughly repaired. A crest wall 3 feet above floor was built along the 
downstream edge of the floor to keep pressure on it. Such a cistern formed 
part of the original design but had been omitted during construction. 

The pressure experiment instituted by Hr. Beresford has been continued. 
Previous to tho failure there is only one observation with which comparison 
can be made. Eecent obseiwations show that there was no decided lessening of 
pressure immediately after tho construction of the protective apron and 
pitching but there has been a gradual reduction since. 

In reply to Mr. Hill be said it is 25 feet from the stand pipes to the free 
sand below the curtain walls, and that for a heavy pressure of 6 feet he 
would like a length of 43', below tbe pipe. Mr. Hill thought that this seemed 
rather short, he was under the impression that for loose sand it was hardly 
safe to have less width than ten times the head. 

Mr. Nethersole thought Colonel Clibhorn who made lengthy experi- 
ments with Ganges sand recommended a minimum of 1 in 12. 

Mega t ding his paper on the failure of a fall on Nadrai JSscajge, 


Mr. McLeod said there is a 14' drop; the work was placed in rather 
an unfortunate position, being parallel with tho main canal at a place 
where it is very high so that from the beginning there was a good deal of 
trouble from springs. In the two years previous to the actual failure they had 
been obliged to run the canal very steadily owing to the necessity for sending 
large volumes down to supply the Lower Ganges Canal during the construc- 
tion of the Nadrai Aqueduct ; the escape also had been run continuously. 



Tho first sign of failure was shown by tbo crack along the downsteeam 
walls. That has always been the first sign of failure in these works, either 
upstream or downstream, it just lifted the floor, that was repaired by an 
extension of the floor. 

West year the same thing happened again. One morning the whole work 
collapsed, a great hole was blown in, and the whole of the crest wall sank, 
leaving the rest of the work intact. There was nothing to bo done. 

There were some similar falls built last year and they all gave trouble. 

Kow that type of fall has been given up and two falls of T are 
constructed instead of one of 1-1'. 

Mr. Preston said Mr. [McLeod seems to imply that the fall had failed 
because there was a 14' drop, but one or two of this licigbt jhad been built in 
the Punjab and had given no trouble. This was confirmed by Mr. Benton. 

Mr. McLeod added there was a very short length of floor, and a 20' of 
head of pressure with very little upstream protection, this gave a great 
intensity of pressure on a weak point, added to which there was no protec- 
tion downstream. 

Mr. Marsh said he had looked through l.he notes on the construction 
of the work and found that Colonel Brownlow had recorded that he know the 
fall would not stand, but the Government of India declined to give the money 
required to remedy the defects. There is a fall of 2T in the Bulandshahr 
Division, which has not given any trouble. 


Mr, Visvesvaraya's intper on a New Selfacting Mochtle. 


Mr. Hill said the following is a short description of the module winch 
Str, Visvesvaraya has given me. The drawing shows a module intended for a 
discharge of 5 ousocs. The section at the lower left hand end gives a clear 
idea of how it is to be worked. 

• The modulo is intended for tho present chiefly for the irrigation of crops 
like sugarcane for which there is a steady demand throughout tbo year. 

Even if the saving of water is 10 to ID per cent, only, the extra revenue 
by the extension of cultivation will be Rs. IDO to Rs. 200 per annum. 

Tho cost of tbo module per cusco is estimated at Es. 200 to Bs. 300, 
and will pay for itself in 2 or 3 years. 

By the use of floats of wood, raucli cheaper modules can bo made on tho 
same principle. 

It is not proposed to sell water by volume. Once in 6 or 8 weeks, tbo 
orops under an outlet will be watered by a trained canal staff and tbo discharge 
and time observed. Prom tbo results of this watering, tho discharge and 
period of rotation will be fixed for all intermediate waterings. 

The accuracy of tbo modulo can bo tested by observing the time taken in 
emptying tbo chamber previously filled by a given depth, after closing tUo 
inlot. 

(Tho reporter found it difficult to record the discussion as there was a 
great deal of cross-conversation.) 

Mr. Benton pointed out that by this arrangement the loss of 
would bo 2' this was a great deal more tlian could be allowed on ^o 
Punjab irrigation works ; it might liowovcr do for supplies ^rom tanks. Me 
did not understand what was to prevent tho loivor part • being nllcd up witn 
silt.- 

Mr: Visvesvaraya explained that the design is intended for the Doooan 
which is a rolling country and that in tho Dccoan there is not much sii 
in the water. 

Mr. Kennedy .stated several objections to tho design and added that a 
similar one bad boon already tried and had failed. 
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THURSDAY MORKIKG, 


Tho papers sot down for considoration •were ; — 

22. Mr. Reid’s paper on Lift Irrigation. 

23. Mr. Qebbie’s paper on tho System of Irrigation from tlie Jamrao 
Canal. 

21, Mr. Morin’s paper on River Training in Tanjore, 

25. Mr, Maconoby’s paper on “Mood Drainage.” 

26. Mr. Marsh’s paper on Increase of Torrent Moods in the Upper Reaches 
of the Eastern Jnmna Canal. 


Mr. Eeid’a paper on Lift Irrigalion. 

Mr. Davidson, Tvbo presided, said : — ^Tbis paper is, I tliinif, rather what 
might be described as too “ previous ”, it talks of pumping by a series of 
wells in a continuous connected line with electric pow'er as the motive power. 

His own view was that the subsoil water supply is problematical j ho would 
like to hoar the views of those present as to what could probably bo done with 
subsoil Avator and what effect it would have if the question of pumping 
indiscriminately all over the place was seriously adopted. 

In Madras wells irrigate 3 or 4 acres by moans of bullooks and 
a picottah ; the wells are far apart ; it all the wells contemplated in the paper 
were put down, they would injure each other, the same source of supply 
would be drawn on by everybody. 

Tbe question of pumping had been considered in Madras to a certain 
extent. An Engineer Avas appointed to work out figures and it was found 
that unless 80 to CO acres bo irrigated, it would not pay expenses. It must be 
remembered also that tho well auU bo emptied by pumping of as much Avator 
in two hours as the ryot lifts in 8 hours, and it will then be necessary to vyait 
for it to fill again. Mr. Reid seemed to think there is an inexhaustible 
supply; his paper makes a reference to the Divi Pumping Project; in that case 
it is proposed to pump from an inexhaustible supply, ufc., tho Kistna River. 
Divi Island is unprotected and cut off from the Delta canals ; an aqueduct was 
proposed, but tho coat Avas prohibitive ; recently it has been proposed to erect 
a pumping installation to irrigate the island. He thought it is rather a pity 
Mr. Reid did not lay the Divi Pumping Project before the meeting ; it is 
perfectly sound and, ho believed, would pay 8 or D per cent, easily. Tho 
scheme has been very avoII worked out by Mr. Reid. 

Mr. Hill could confirm the statement made by Mr. Davidson that the 
supply of water from wolls is very limited, some avoIIs in Bombay dry up 
altogether, and the difficulty in that Presidency is tho want of water. He 
can also confirm the statement that an ordinary well is not big enough to 
supply water for a steam pump. 

If it were possible for tho steam engine to do just tho same amount of 
AA'ork as tho bullocks, perhaps it might pay, but ho doubted it ; moreover, tho 
bullocks are useful for other purposes. 

Some timo ago the Bombay Government pul on a man specially to find 
out the cost of lifting water by bullooks ; it had boon said that there was a 
great A\’asto of timo in tho bullooks walking back again up tho ramp of tho 
well ; the actual experiments showed that during that period tho bullocks were 
getting rest. They walked slowly and put all their power into pulling tho 
bucket out. Another point is that the cost of wells is not calculated;. no 
allowance is made on this point in estimating tbe profits of the scheme.. 

Mr, Davidson said that Mr. Chatterton has to some extent Avorkod out 
this point. The bullock, however, pays for his keep in a way that the engine 
does not ; but Mr. Ghattertou merely compared the relative cost and lost sight 
of tho fact that a great deal of what is provided by the ryot for his bullocks 
is found from tho 3 or 4 acres he oulfivates. It was only fair to Mr. Reid, vvho 
had left Simla owing to indisposition, that ho should read .the following 
extract from a letter he AA’rote before leaving : — 
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. ' **0f course it is tlie case that tbc scheme is built up on a slender foimdatiou 
of fact, but niy contention ‘is that till such a superstructure is shown to 
l)e possible there is no likelihood of any money being given to ascertain the 
facts.” 

He did not think Jlr. !Reid Tvas right. In Madras experiments are 
being made to see if pumping will pay. 

Mr. Benton said Mr. Kcid had not taken into account in his paper the 
c.asc of the wells that are not provided witli pfjwor j if a drop in the spring 
levels occurs in them due to the maehine pumping, tl»p owners would require 
eompeesation. 3Ir. Kcid assumes that the supply of crude oil for working 
oil engines is inexhaustible ; that is not the case. 

Mr. Kanthack commented on the eoellicicnls taken by Mr. Kcid 
fis.. that 1 El. P. at the generator will give *3.3 11. P. at top of each well; he 
doubted if so mucli would be got. 

The following figures arc generally taken : — 
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This would give a total loss of power of per cent, and a coefficient 
of ’2-150. 

Every well will require 1’3G II. P. available at the generator. 

Hence only 10,900 wells can he supplied. This would make a difference 
in his financial results. 

Mr. Nothersolc said that Mr. Onampton’s report on tho olcctrical traction 
scheme in Kaslirair made out that 50 per cent, of tho power generated by tho 
motors would ho obtained for work. Mr. Kanthack’s 21 per cent, therefore 
seemed low. 

Mr. Kanthack said ho had taken only SO per cent, on tho transmission 
line, as Mr. Koid in his paper contoniplatos transmission to a distance of 
300 miles, 

Mr. Davidson said ho believed Mr. Reid’s figures were tho result of 
correspondence with Mr. Gibbs, in charge of the Mysore installation. 

Mr. 0. A. 'White said in Bengal, udicro the sugarcane industry lias 
started in place of tho indigo, Govormnent was anxious to know if it would 
pay to pump and a fow experiments have been made this year. JTc put in 
the following notes on tho subject : — 

'‘Irrigation of Sugarcane by Tuminng,'—Bchar, 1904.“ 

“The cultivation of sugarcane in Bohar has developed largely during tho 
last few years. Improved kinds of cane have boon imported and much atten- 
tion given to manuring, irrigation, and tilling of the soil ; it lias already been 
shown that tho output of sugar from tho ordinary cano is increased by irrigation, 
and that imported large cano cannot with advantage bo grown witliout it. 
Only a small portion of Beliar is commanded by canals, consequently irrigation 
by pumping has to bo resorted to. 

“ Tho Government of Bengal is anxious to assist the planting community 
by conducting experiments in order to ascertain the best method of growing 
'sugar cane successfully, and as regards the cost of irrigation, and with this 
object conducted experiments by pumping from the Bur Gandak river at Otter, , 
with a lO'’ Invincible Centrifugal Pump and a 10 H. P. engine. Unfortunately 
a start was made late in the season, and heavy rain iu May stopped the 
demand for water. Tho experiment will he continued ne-xt season with a 
larger plant, viz., a 15" centrifugal pump and a 16 II. P. engine. 

“The information obtained from these experiments are : — Tliat a 10" pnmp 
with a lift of 27 feet and load of di,000 feet, running at 050 revolutions a 
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idinutg, can tliraw 3^ to 4 cubic feet of water per second, e.c.> 1,300 to 1,600 
gallons a minute, and irrigate at the rate of ^ acre per hour. About 5" to 
7" average depth of water was utiiissed on the fields which were trenched, 
3" to 5" was lost in the new channels. The engine used 2 maunds of coal 
per hour at 7 annas a maund ; labour for working the engine was somewhat 
excessive, costing Bs. I-IO-O per day of 11 hours ; the total cost of coal, oil, 
labour, etc., came to Bs. 3-6-0 per acre for one watering. 

** Irrigation was carried on at several concerns by steam pumping on their 
own account, and the proprietors have kindly allowed the results to be published, 
fox general information. 

“ It would possibly pay planteiu to use Hornsby’s (Grantham) oil engine 
or some equally good one, instead of a steam engine. 

“ One interesting question to decide is, the number of waterings that may 
with advantage be given to sugarcane j in Egypt the crop is watered once 
every 10 days for 76 days, or an average of 7-^ watering.” 
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SattHht S3nd August im. C; A. 'WHITE, 

Superintending Engineer, Gandai) Circle. 
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Syed Jafff*r Hussain said he thought the United Provinces is the only 
nlace in Tvhich clcctrioal power for pumping water from wells can be produced 
because the water which passes over the canal falls can ho utilized. He 
suggested that a proper estimate he made with a view to introducing the 
system as the water power can he given cheap. 

Mr. Preston said Punjab Engineers have not been unmindful of the vast 
power on the canals, hut they have such enormous tracts still to ho brought 
under cultivation and colonisation by new nannls which will bring a thousand 
times more direct and' indirect benefits to the State that ho thought they - had 
quite rightly devoted their attention to the construction of those canals instead 
of ,to electrical projects which can at beat add only a limited number 
of acres to the cultivation. Until they have brought all the water possible 
by direct flow on to the Land, he thought it would ho a uusto of time to go 
in for pumping schemes. 

He admitted it is rather difficnlt to satisfy the lay mind oft this point 
and he constantly heard people talking of the indifference of Canal Engineers 
to tho waste of power, hut while establishments were limited he was certain 
they can he best used in constructing new canals. 


ilfft QehUe's paper on the System of Irrigation from the Jamrao Canal. 

Mr. Gebbie in introducing his papers on the Jamrao Canal said that 
in regard to the grading of the canal it has been remarked in a previous 
discussion that the proper thing would have been to put in another fall 
instead of trying to hold the bed by groynes. As a matter of . fact he had 
made the suggestion but his Superintending Engineer did not receive the 
proposal with favour ; Mr. Gebbie thought it would )iavo to be done at 
some future date. He, however, pointed out that the groynes are Jtaoha and 
cost only Es. 3,000 to put in, while another set of falls would cost 
Es. 80,000. There is also the diflicalty that the canal would have to he closed for 
six months during construction as it would be impossible to make a diversion. 
He did not doubt that difllouliy c6uld bo ovoroonie but perhaps it might add 
one lakh to the cost of the fall. 

The distribution of water is modelled on that oC tho Ohonab canal system 
in the Punjab ; the same principle has been followed, but the details differ. Ho 
would bo very glad if some of tho Punjab Engineers would ndviso them in the 
matter of the distribution from watercourses to each field which is giving 
trouble. 

Mr. Eautback said that rapids do not seom to bo used in Sind. In 
the Punjab rapids have been found most useful in regrading tho bed of a 
canal as they do not require very deep foundations, and can be very quickly 
pub in ; ho did not think there should be any necessity for a six mouths’ olosure. 

Mr, Hill said exception had been taken that in a comparatively modern 
canal, so steep a bed slope ns 1 in 6,000 was employed. That slope was put in 
by advice of Colonel Ottley as an experiment. In tho first grading sent in two 
falls were provided and tho slope, was 8 inches in the mile; it had been 
made 12 inches in 6,000 which, ho sa^s, by Mr. Kennedy’s diagram would bo 
likely to scour, and this is exactly what h.as happened ; a proper slope according 
to Kennedy’s diagrams would have been 1 in 6,666. 

Mr. Rose pointed out that Mr. Gebbie had said the Jamrao distribution 
was based on the Ohenab system, but it seemed to him there is no similitude 
at all ; on the Jamrao the squares were divided into 16 acres blocks , there did not 
appear to bo any sub-division ; on the Ghoneb system tho iiolding of about 28 
acres is divided into one aero fields and tho water is carried in a properly 
graded channel to each field. 

Mr. Gebbie said this had been commenced on the Jamrao but bad been 
dropped by the Colonisation Ofllcer; there are marks on the sides of the holding 
to facilitate measurement, hut this matter is one for tho Eayenuo Oificeta, 
the Irrigation Department having nothing to do with it, or with tho measuring 
of crops. 

The fields arc more or less actually divided oil, a ridge is thrown up on the 
boundary but they are not divided into acre plots in every case, 'w hero a 
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man has cultivated loss than his holding of 16 acres he divides off what he 
has cultivated by a ridge. 

I\lr. Jlohoi'tson, who was Colonisation OUicor of the Jamrao system, and 
happened to bo present, was invited to speak and explained that the division 
into aero fields was not introduced universally bocauso in certain localities there 

were fields that had been in existence for many years and the ownership was 

interlaced, a large part of it Avas garden land and tlie introduction of the svstein 
would have been a very troublesome matter and iiave led to great opposition • 
it would have been very dilficult to make the people give up land Avl'ich they 
liad improved, the system was carried out where irrigation had not been so 
constant and whore iinprovoments had not boon made' The Revenue system 
in Sind is quite different to that in the Punjab. 

IMr. Preston said one or two points only struck him. It seemed to 
him with reference to what is said in the paragraph in the middle of pan-e 2 of 
the paper on the Head "Works regarding the use of steel beams to^ close the 
canal, the interests arc so largo that it seemed to him it would be worth the 
while of the Sind authorities to provide a proper gate and suitable lifting 
gear instead of the steel lieams. Again with reference to the last parao-raph he 
Avould like to ask Mr. Gebbie why the steel Aviro rope tramAVay has been a 
failure, it is a success on the Chenab, Jliolum and Sirhiod canals. 

Mr. Gebbie said no use has been found for it, ns it is possible to oet 
across tho river in a boat oven in flood. ° 

Continuing, Mr. Preston said— Turning to tlie yyaper on distribution to 
a certain extent the Sind authorities have bettered Punjab practice ; in ’ the 
case of the Sidhnai, Lower Sohag and Para, Chenab and Jhelnm canals the 
squares are made IlOO feet side. Tliis unit had been fixed by Colonel "Vl’ace 
Avho was Settlement Commissioner many yeav.s ago, because it AA'orked into tlie 
native measure. Later on in surveying for tho Lower Bari Doab canal tho 
squares Avoro made lOd.5 feet side which is an area of almost exactly 25 acres • 
this black, Avhon divided by 6 lines transversely and by 5 lines longitudinallv* 
giA'os 2D acre fields. As regards the use of the native measure, he personal) v is 
much opposed to it, and the Honourable Sir A. T. Arundel had stated tliat 
30 years- ago in Madras they issued an executive order that the aero sliould be 
the unit and since then the acre has been the unit; you cannot go into a sino-Je 
district in Madras and find the native measure in existence. The diflicnlties 
in using the native measures can best be realized by reference to tho Puniab 
Irrigation Branch Handbook of Circulara. Tho first thing tho Canal Officer 
when posted to a Punjab District, has to do is to r6ad the oiroular on land 
measurement. He wiU find the units either the '« karnm ” of 2 paces or the 
“gatha. ” The latter is 8'25 feet but the *‘karam” measures 4*76314i feet* 
4.‘5foot; 4i’6feet; 4-625 feet; D'O feet or 5*6 feet according to tho district* 
Gould anything bo more confusing? It is, however, increased by tho use of 
native terms such as Msioausis, Usioahs and hegaJis in the hegali measure- 
ment and sarmhis or sgtiare Icafi, merlas, Jemals and gJmmaos in the t>-lnimao 
measurement. 

Tho Revenue Officers consider it necessary to continue this system for 
land measurements and this is the reason it Avns introduced in the Canal 
Colonisation Schemes. The Sind authorities have gone in for 840 feet side 
which givos levels at 420' intervals instead of at 650' as in tho Puniab It is 
stated that tho standard size of village is 2,000 acres, that is very*^ bio- tho 
unit on tho Chenab canal Avas 50 squares equal to about 3,350 acres’ and 
there are very many villages smaller than that. Further on in the pape’r it is 
stated that the great disadvantage of these villages Avas tho huge sizo of the 
watercourses. This is referred to in the second paracraph on nno-« 9 
seemed to Mr. Preston to ho a great dofoct. * “ * “ 

It is said that the cultivators frequently bund tho watercourses and thus 
upset the fixed rotation. Mr. Preston submitted that this is an accusation 
against tho Canal Engineer. There must bo something very wroii"- if a 
perfect system of watercourses cannot bo designed. Tho cultivators should not 
ho able „ to make hotter watercourses than the Engineers can. 

574 R & A C AV . 
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Mr. GeTjbie said they are not better, but the cultivators think they are. 
It, however, seemed to Mr, Pi’cstou that a properly designed system ought to 
demonstrate its advantages by itself ; it ought not to be open to doubt. 

Mr. Gebbie said perhaps a man has one block on one watercourse and 
another on another, instead of watering from ditferent watercourses he wants 
to water both from ono channel and he often turns his water from flow to lift. 

Mr. Benton said Mr. Biohertsoa seemed to think the introduotion of the 
small square system would lead to interests being disturbed. There are many 
cases in the Punjab whore village wasteland is now being broken for irrigation, 
squares have been laid down in them and the people are compelled to adopt 
them, the argument used to induce them to do so is simply that if they don’t 
they won’t get water. 

Mr, Robertson replied that in Sind they always have had, water, 
but Mr. Benton thought the more assured supply tboy now get could fie used 
as an argument. 

Mr. nill would like to thank the Obenab Officers for the help they gave 
the Jamrao officers in designing watercourses. He trould like to know the 
minimum size for tail watercourses. In the last hundred acres what would 
he the discharge ? VP ould it be half a cubic foot per second. 

Mr. Preston said this is easily answered, the invariable practice is, 
wherever it is possible, to end a Government channel in a cluster of village 
watercourses, so that a good volume of water roaches the tail ; a village water- 
course is seldom less than 2 or greater than 3 onsecs, 

Mr. Marsh understood Mr. Gehhie to say there was considerable trouble 
in the distribution of water in the watercourses, and he liad not heard this 
answered. He understood that the people have rows amongst themselves. 

The ownership in the a’atercourscs had been broken down by a test case 
as to the rierlit in watorcourscs and also in outlets, the Munsiff and the Dis- 
trict J udge decided in favour of the Canal Autliorities and on appeal to the 
High Court the decision was upheld. 

He would like to say a word about minor distributaries as it is a hobby of 
his ; he did not think any watercoutso running more than 1 cusec should be 
left in charge of tho people ; tho.so small channels have been developed immen- 
sely with great profit to the canal. In Bulandshahr there was at one time an 
officer, who had a great belief in large channels being managed by the cultiva- 
tors themselves and he made several over to thorn. After three or four years 
Mr. Marsh found tliat the water only reached tho first four or live furlongs and 
that villages further on wore utterly starved ; all these have been taken hack 
and many original zamindari watercourses have also been taken over as Gov- 
ernment channels with great advantage. If more establishment is required to 
maintain tlicm ho would give it as he thought it would ho possible to economise 
the supply by perhaps as much as 20 to 4.0 per cent, by a proper system of 
minors. 

On the Eastern Jumna Canal there used to he a great deal of trouble 
because a number of people thought they had rights in the water and they 
claimed tho ownership of the water course and other irrigators had to pay 
them a royalty for water ; this has been broken down, as also the periodical 
closure of outlets on the distributaries. 

Mr. Gebbie said the 6indi is not accustomed to the Punjab system of 
a share list and would not adhere to it. 

Mr. Preston thought the Sindi should bo educoted to do so. 

Mr. Benton said — Mr. Marsh has not stated what would be tho cost to 
Goremmout of taking up the village channels ; tho mere establishment, i,e., 
the number of suh-ovcrseers is a small matter compared with the amount of 
Government money .that would bo spent in doing work that cultivators should 
do themselves. 

Mr. Marsh said that is a very old theory. He had discussed tliis question 
with Mr. Kennedy and ho settled tho question by saying " the fact is your 
irrigation in the United Provinces lias reached a very advanced stage, it consists 
of garden land, we have a great deal of land entirely waste”. 
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Mr. McLeod was in favour of having as many watercourses as possible 
made by Government, tLo quicker the water gets on the fields the more econo- 
mical it is ; and the minor distributaries help this immensely. 


J/r. Morin's j}aper on river training in Tanjore. 

Mr. Davidson said the Tanjore Delta irrigation system, of which a 
slcotoh is given with the paper, is peculiar in that it is absolutely natural, 
except for the distributaries there is not an artificial canal in the whole 
Delta. 

The result is, as Mr. Morin explains in one of the paragraphs, there is a good 
deal of conservancy and upkeej). In the Godavari and Kistna Delta systems 
which are artificial, there is nothing like the same extent of protective works. 
There is no stone in the Delta, and therefore it has boon necessary to fall 
hack on Coooanut and Palmyrah trees or bamboos and brushwood for the 
protection of revetment or groynes. I think as far as the Tanjore conservancy 
is concerned Mr. Morin has given us a very good paper. The lines on the 
hydrographic map are all streams the supply to which is distributed hy 
Government. The Engineers are not concerned with the disti'ibutiou in the 
channel itself. 

He did not think there would ho any benefit if they did until Madras has an 
Irrigation Act, at pi-esent without an Irrigation Act the vested interests over- 
power the authorities. The Engineers have nothing to do with tho distribution, 
they keep up the works only ; «.e., they stick to the engineering and leave 
everything else to the Revenue Department ; if they did the distribution, work 
as in Upper India a large increase of establishment would bo necessary and he 
doubted if anybody would sanction it ? Madras Engineers did not hanker for 
tho work very much and were content to leave tlio distribution to the Reve- 
nue Department. 

In answer to a remark that tho Engineers could not know where the 
water goes or what was done with it j he snid they pass it through our head 
sluices of tho main distributary. Tho actual distribution is not in their hands, 
tho Revenue Officials report where they would like the water and the Engineer 
sends it there and has no further rosponsibility as to the distribution, it is 
the business of the Revenue Officials to see that the water reaches the tails of 
the distributaries. 

The soil is fairly good firm alluvium, there is no black cotton soil ; I may 
mention that our protective works aro merely to prevent scour and to keep up 
the margins of the natural streams. 

Macon c/tg’ s jmjjer on Flood Drainage. 

Mr. Maconchy in introducing his paper on " Elood drainage” said he 
would like lo give a brief explanation of it. A few years ago when ho took 
charge of the 'Northern Drainage and Embankment Division, he ^ was called 
on to design, or report on, a good many soliemes for flood drainage. Tho 
circumstances, specially when tho outfall was into tidal water, wore very 
unfavourable and at first sight it seemed, iji some cases, that effective drainage 
could only bo provided at a prohibitive cost, if at all. To determine whether 
this was so necessitated rather ” close ” calculations, as in some cases the 
** head ” available was very limited and the “ lead ” of tho drainage channel 
very long. At first ho was rather at a loss and could find nothing in any 
hooks available to him which quito met the circumstances. It was possible 
of course to work on precedent and allow say D square feet ,of ventage per 
square mile of drainage area ; but this was not sufficiently accurate as the data 
regarding general level of country and level of outfall varied somewhat. There 
Avas therefore nothing for it hut to work out his own formula. This was not 
done all at ouee, but by degrees as the occasion arose. Some of those results 
have been given in this ])aper. He would have ])re[eiTed to take an actual 
example of a big drainage schomo and describe it but it would Lave taken up too 
much time. Ilis results were given in greater detail in a course of lectures he 
lately gave at tho Sibpur College and all that was possible in this paper was 
to condense those lectures, or rather a part of them, inucli as they stood. 
Tlie results have been given in tho form Avhich Averc found most useful in 
actual designing though they could, be put into other shapes which might 
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appear simpler from a theoretical point of view. Ho has worked out' tables 
covering, he thought, every possible case, from which the results cau he 
obtained with no more calculation than the use of proportional parts. 

In Bengal these scheme.s, under the drainage acts in force, have to bo 
carried out at the expense of the persona benefitted, and if the cost is too high 
the people won’t agree to carry them out, and so it is no use trying to be on 
the safe sides by providing excessive ventage, the works have to be designed 
as economically us possible. He instanced two schemes which are being, or 
Avill be, canned out both of wliich noccssitate very “ close” calculation, sis., 
the drainage of the Argowal Circuit and the Magra Hat drainage scheme in 
the 2<t*Parganas, south of Calcutta. 

Ho proceeded to briefly explain the contents of the paper. Paragraph 2 
contains a statement of the sl.-indard formula of clisohnrge through sluices aud 
weirs. At the end of it an empirical formula has been given which, so far as 
ho knew is now, this serves ns a general formula, embracing all the standard 
ones. It is mainly useful in calculating the “time of discharge” which is 
dealt with in paragraph 3. These “ times of discharge ” do not as a rule enter 
into the calculations of any of the drainage schemes ho has mot with. 

The results he had found most useful, are those explained in paragraphs 4 
and 7 which deal with cases of discharge into tidal waters. Paragraph 4s gives 
the theoretical results expressing tlie value of the true mean discharge througlt- 
out the rise (or fall) of the tide. In paragraph 7 these results are made use of, 
and formulae arc given on which the complete design is based. Allusion has 
been mado to the complication caused by a breast wall in front of the vents of a 
sluice, and in the Sibpur lectures tho solution, was worked out but thorc was 
not space to give it in this paper. Tho practical result is that, provided 
sufficient waterway is allowed through the vents, it will be near enough to 
ignore their existence. 

In paragraph 6 a table is given which w'ill save a lot of trouble in dealing 
with velocity of approach. This velocity is a very important factor in tiie 
calculations for a breast wall in front of a sluice, but as a rule makes very 
little difference to the discharge from a channel over a weir or through a 
sluice. 

In paragraph 8 will ho found the solution of a case which seems of very 
great importance, via., tho discharge of an open cliannel of which the surface is 
not parallel to its bed. This case is constantly arising in drainage schemes and 
Mr. Maconchy has not been able to find any solution ot it in any book. The 
usual way is to work with the average surface slope ; tho actual surface is of 
course a curve and not a straight line. The above method even it wore 
accurate, which it is not, would not however get over the difficulty “what 
cross sectional area of waterway is to bo taken.” If a channel is, say, 10 feet 
dcop at one end and 5 feet at the other, the area is all important. Ho must 
apologise for the complicated form in which the result works out ; hut he fears 
it is unavoidable, he has calculated tables to save labour, one is given, it is fairly 
long but the other is much longer, and there has not been time to get it 
printed. 

There is another method of calculation which arises in inland drainage 
schemes discharging into rivers or drainage channels, which can best ha 
explained by actual examples. These are given in tho lectures, hut time was 
not available to allow of his reproducing them here. 

He would he very grateful if any one would point out any mistakes or 
misconceptions in the results. 

Mr. Kennedy said tho results arrived at and specially the different 
tables showing the ratio between the mean discharge and tho maximum as 
the tides stand at different stages should bo very useful for the peculiar condi- 
tions, considered in this paper, and save an immense deal of time and trouble 
to others. 

The only new point he would like to refer to is whetlmr the ordinary 
formula for a i)artly drowned weir -is reliable, see fig. 5, page 4. Theoretically 
of course it is all right but for two reasons he doubted if it is so practically. 
Thus it has been observed ever and over again, that for a clear fall the 
coefficient is fairly constant, and about what might be expected 0'62 py . 0’66, 
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but if tbe same weir becomes drownedj the coefficient at once rises, often up 
to 0*80 or more. Again, if means are 'proyided at the ends of' the weir, by 
which air can be admitted just under the sill, it has been noticed that often 
there is a continuous holloiv space just under the entire length of the down 
stream edge of sill ; where air accumulates and stays ; and can be actually 
seen through clear water. The pressure at that point ought of course theoreti- 
cally to be (D-h) fig. 5, but it is really D ; and therefore the velocity there will 
be higher than given by theory. The reason of this may be connected with 
the action of the clear fall or upper part of the falling water, which presses 
down on what would, other wise be the horizantal flow of the lower or drowned 
y)art j this action not being taken into account at all in the theory. This is 
a question which might he taken up by some one ; as there is no doubt an 
improved formula is wanted for discharge over drowned weirs, and .drowned 
rapids. 

Mr. Maconohy said he had avoided the question of coefficients, in his 
paper, as he thought it is a subject for discussion by itself. 

Mr. Hill asked if ho had made any experiments to find out what is 
the coefficient for a big gate or weir much larger than the small notches used 
in experiments in Europe ? 

Mr. Maconchy replied that he made some experiments on some out- 
lets 16 '' X 18" which gave very high coefficients ; he thought it depends on 
the nature of the approaches up to the sluices. If the bed of the sill is level 
with the bed of the channel it may be 0*90 ; if tbe wing walls converge properly 
and tbe bed is level, a high coefficient should be got in a small outlet 12 18''^ 

where the bed of the outlet was level with the bed of the canal he got 
coefficients up to 0*82. 

Mr. Benton said he had made a number of experiments on distri- 
butaries carrying from 30 to 200 ousecs, and with beads varied fron to 2/ 
and 3'; tbe coefficients worked out to *78, or roughly 0*80 he thought that 
with a large weir the coefficient, would be a very large one, probably 0*86. 


Marsh* s paper on Increase of Torrent Moods %n the Upper 'Reaches qf the 

Eastern Jumna Qanak 

Mr, Davidson — On reading Mr. Marsh’s paper I presume that what he 
wants to do is to try and regulate these discharges so that the works designed 
may really he permanent instead of requiring extensions. 

Mu. Marsh said a good deal of matter in connection with this paper 
has been thrashed out in the discussion on the Suketar superpassage on 
Tuesday morning. He wrote this paper becauso he thought there were so 
many canals crossing the drainage of the country being designed and he 
thought the subject might be usefifi as it shows the troubles from year ^ to 
year on tbe Eastern Jumna Oaual. That canal bad been maintained but with 
difficulty. Plate No. 48 shows tbe sketch map in which the Maskhara Torrent 
appears, and Gautley’s Oanal which he carried out 70 years ago and the faint 
channels the torrents that are crossed at difiPerent points ; the discharges of 
them are very hypothetioal. 

Down to mile 8 there has been no great trouble, at mile 8 the torrent 
used to get into the canal as far as mile 13 w*here it was let out by flood gates. 
That arrangement worked well up to 1880, when 300 feet of the oanal ^ were 
out away, there was a gap 30 feet deep and it was by pure chance that it was 
repaired and some 10 lakhs of property wore saved. 

■ Erom 1880 to 1889 it was difficult to get money as the Nadrai aqueduct 
on the Lower Ganges Canal was being rebuilt. In 1889 a fresh dam aud 
regulator was built over the Chapri, that made things all right ; in 1894 it was 
found even this new addition was not enough and the Nowgong weir nearly 
fell in again ; in Oautley’s time it was a levffi crossing ; the retrogression now 
is 30 feet. ' , • . . 

In 1894 the waterway of the Nowgong weir was increased 60 per cent., 
and then it was -thought there would be no more trouble. In 1901 another 
record flood came down and the regulator was completely overtopped at tho 
Nowgong weir a huge breach occurred. At mile 17 the Executive and 
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Assistant Engineers saved tbe position by plaoing briolcs on tbe top of the 
revetment wall. Tbis is nil in oonneotion witb a canal that pays 14 to 16 
laklis in net revenue. He obtained permission to increase tbe escape at mile 
8| by 60 per cent, and to out down tbe Mnskbara weir by 2 feet and to place 
iron falling gates on tbe lowered crest. 

An inspection of the drawing of the Kbalsi dam that passes the Maskbara 
torrent shows that it was ooraplotoly masked by tbe silt deposit on account of 
tbe original alignment of tbe canal ; some alterations have , been since made. 
Tiie crest used to bo 4 feet above the level of the torrent, it has been cut 
down 2 feet and falling gates of the Kbanki pattern put in. These gates are 
used to guide tbe water on the side where tlic shoal is likely to form. These 
torrents come down at a great pace, and tbe fear is that the gates might 
not be dropped in time, automatic gates cannot be used on account of the 
silt. 

This matter has been the subject of much consideration and a very 
common place arrangement has now been adopted which works well and is 
suited to the native instinot. 

Coolies arc left at the dam during the rains and a couple of miles higher 
up tbe torrent huts are built ; these men are given bombs and when the 
torrent oomos down they shoot them off. It seems an arrangement likely to 
fail but it is esaotly suited to the native instinct and works very well indeed. 

Mr. Benton enquired why syphons were not built so as to got rid of the 
pi'esent levelcrossings ; he did not think the cost would bo greater and tbe 
security would bo a great comfort ? 

Mr. Marsh disagreed altogether; ho said Colonel Cautlcy put in 
nothing but masonry, if he had made these of steel there would be great 
difUoultics now. [Mr. Marsh did not explain n hat the difficulties would have 
been]. lie said that nothing in the United Provinces has given his picde- 
ccssors for the past 70 years so much trouble as the torrents, and the experience 
gained has been recorded in the most valuable hook by Sir F. Cautlcy on the 
Ganges canal works from which the following is extracted. 

Extract from Volume 1 of tUe lieport on the Ganges Canal JVorlss by Colonel 
Sir Pbobv T. OAU'iiEr, F.B.S. 

* » * • r » V 

The Nogong dam is a masonry building, constructed across the bed of a 
torrent, which has a catchment basin of about 66 square miles, 26 miles of 
which arc mountain, and the remainder open forest and jungle country lying 
at its foot. The dam itself is situated at a distance of 7 miles from the hills, 
and the slope of the bed of the torrent at the point upon which the building 
was constructed was 11a feet per mile. Tliere wore twenty-four sluices, of 
7 feet width, adapted to the centre of the river’s course; the eight centrical 
ones having their sill or ilooriug 2 feet, and the side ones having their silts 
4 feet, above the bed of the river. Iho piers of these sluices were from the bed 
of the river 6 feet in height, and above this point tho floods passed over the 
dam in one unbroken sheet of water. 

At tho time that this work was constructed, 1828-20, the bed of the river, 
at the point where the dam was built, and both above and below it, was one 
uniform slope, witli a sootion of 8 or 9 fcot in depth from the surface of the 
country. 

From tbe rains of 1830 to those of 1834, a constant succession of retrogres- 
sion of level upon the masonry tail of tbis work took place. In the rains 
of tho latter year a portion of tho tail apron fell and a new tail was constructed 
partly of masonry and partly of timber and boulders, flanked by hurdles and 
fasoines. This now tail was made on a slope adapted to tho depressed level 
that tho hod. of tho river had at that fame assumed at and south of the tail of 
tho dam. 

At the oommonoement of thorains of 1841 — that is to say, eleven years 
after the dam was constructed — the total width of tho tail apron, which had 
annually been receiving an accession of material, was SO feet on its transverse 
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section. Year after year extensions had been made, and, as it was lioiJod, 
addition had been given to its stability. Early in the rains of 184il, however, a 
very heavy flood came down the Nogong lliver: the water, in its passage over 
this fearful rapid of boxwork (the bed of the river soutli of the tail being at 
this time 21 feet below the sill of the dam) turned the piling and hurdle work 
on the left flank, carried away that portion of the tail in its immediate proxi- 
mity, and was only checked in its career of destruction by the masonry plat- 
form, over which it fell in an uninterrupted cascade of at least 16 feet in 
l) 0 i*pendieular height. The injuiy was of such magnitude, and the’ accident 
had occurred at a period when a sucoessiou of floods during tlie three following 
months wore certain, that there was neither time nor matei'ial available for 
doing anything, further than making a morlerato repair ; and the only prospect 
that offered of preventing irreparable injury, was by passing off flood-water 
down the oimal oliannol, and, if possible, putting tlic dam out of use for the 
rest of the season. It so happened that during the rest of the rainy season of 
1841 the floods that came down the river were i)assed down the canal channel 
with the greatest ease, and, in so fai*, our arrangements wore crowned with the 
most perfect success. 

» ■» < V c K * 

Mr. Marsh continuing said the floor of the level crossing was on a level 
with the bed of the torrent and that it should be 3' below, as when the torrent 
flows the sand moves j while the level crossing becomes a weir. 

(The speaker next dwelt on Cautley’s motliod of dealing with silt and 
on- bis method of construction having proved correct in the light of the 
experience gained iu later years.) 

Another point ho wished to remark was that of the disoharges of torrent. 
How are these obtained ? There v/crc invariably great difforenccs of opinion, one 
man estimates the maximum discharge of a torrent at 10,000 cusccs, another 
at 20,000 cusccs, and so on. Ho said in the paper that he did not believe in trying 
to gaugo the discharge by volume as he believes it is impossible to do so witli any 
degree of accuracy ; the water comes in huge waves, making it impossible to gauge 
the disohargo with accuracy- He belioved that a bolter guide is to try aud find 
a narrow gorge and measure the waterway of a big flood passing through it. 

On the Agra Canal there had been a great deal of trouble. Colonel Dyas 
designed one cross drainage work for 5,000 cubic feet, iu 3 b76 a flood camo 
down discharging 20,000 cubic feet and the syphon was completely turned. 
It was turned into a Icvolcrossing. 

Mr. Hill said with reference to the discharges from catchment areas; he 
had always taken the following figures wiiicli ho had found a safe guide: — 

1" for 60 square miles. 
r n 76 „ „ 

I" „ 100 „ 

i" „ 1,000 „ „ 

Those wore average figures and omitted extremes. 
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I'HUESDAY AFTERNOON. 


The papers sot down for Thursday afternoon ■were— 

27. Mr. Ivon’s paper on Mat Branch EsttoDBion, Ganges Canal. 

38. Ml. Ivon's paper on Injury to (he Ilindun Dam. 

30. Mr. Marsh’s paper on Automatic Puddling of Channels. 

SO. Mr. Ecnndy's paper on Distribution of Water by Mcasuremont. 

31. Mr. Hill’s paper on Distribution of Water in (ho Deccan. 

83. Mr. Hill’s paper on Doocan Irrigation Could ho Made to Fay. 

33. Mr. Hill’s paper on Small Tanks in the Southern Mahratta Country. 

34. Mr. Hill’s paper on Nasik Bandhara Irrigation. 

Mr. Jveus' paper on Mat Branch Eaitension, Ganges Ganal. 

Mr. Marsh, who presided, said : — This paper hod hoen written merely to 
show the advantage of doing work quickly. Tho project was only sanotionod 
in tho rains of 1002 when nothing could bo done except to mark the drainages 
Oil tho maps. In Novemhor and December of that year ho (Mr. Marsh) 
examined most of tho aligninonts, and commenced work. By Dooembor 1903' 
suoh progress had been mado, that it was possible to efCeot a good deal of rabi 
irrigation, by May 1901 tho system was still further advanced. Tho net result 
was that the scheme gave a return of 11 to IB percent, two years before any 
revenue bad been allowed for in the forecast. The paper shows that the w'ork 
was a considerable one entailing 52 miles of widening main canal, 40 miles 
excavation of new branch, 220 miles of distributaries and 26 miles of drainages. 
'I’lie work done comprised 1,583 lakhs cubic feet of dry earthwork, 1 lakh wet 
earthwork, 3 lakhs of concrete and lakhs of brickwork. 

One of tho initi.al stops wms to scouro the services of a civil oCSoer to 
obtain possession of tlic land. This nrraugomont saved an immensity of 
trouble and prevented any interruptions in tho progress of the work. 

No discussion arose. 


Mr. loena' paper on Injury to the Sindun J>ani. 

Mr. Marsh said ; — ^Tbe question raised by this paper is similar to that 
already discussed in connection with tb(* pajiors on tho Narora weir and Nadiai 
escape failures, namely the use of double sols of wells ivitbout suHioiont pro- 
tection. 

The Hiirdun dam was built in 187-1 and consisted of wonderfully strong 
brickwork and concrete. The Superintending Engineer would not allow any 
pitching except downstream. In those days they were not afraid of leakage 
from upstream. 

During its construction an officer was appointed Executive Engineer who 
had uo reputation as a scientific man, but ho had good common sense, and bo 
pointed out, that the dam was in a dangerous place, just below the railway 
bridge. When the big fiood of 1880 occurred, which wrecked Naini Tal and 
other places, the discharge of the Dindun river was four times what had been 
estimated as the maximum and ran 80,000 cusecs. Tho flood was headed up 
at the railway bridge and scoured terrific boles, above and below tho Hindun 
dam. The floor was left as shown on Plato No. 50, conorcto being absolutely 
unsupported. The usual remedies of stock ramming, puddling and pitohing 
were adopted. It has worked thoroughly well since, and has never given 
trouble. 

Mr. Johnston, said ; — That one of the remedies carried out to the Chenab 
canal weir was to place stone blocks nith 3 inches spaces between them filled 
with puddle to u itbin 4 inches of the top of tho blocks, this last 4 inohes was 
filled with concrete ; this made the concrete protection ot the puddle flexible. 

Mr. Marsh objected to blocks over puddle ns bo thought the blocks go 
through the puddle ; that was the objection to the Narora protection ; 
Mr. Johnston said the blocks at Khanki had been in position for 7 years and 
had not suffered. 



Mr. Bentou approved of bloolcs over the puddle, in' the upstream 
aprons it is necessary to protect tbe bed. In tbo cose of upstream aprons 
there is a oui’rent of quick velocity and an impervious coat is Avanted to 
prevent anything going wrong with tbe puddle bencatb. In bis opinion there is 
danger of the bfoclcs sinking into the puddle, and to prevent this ballast should 
bo put over the puddle. Ho doubted if there would be trouble if tbo concrete 
were laid monolitbic. 


JUr.. Marsh's paper on AiitontaltG PuddHng of Channels. 

Mr. Marsh apologised for tbo egotistical form of this note, but it could 
not be avoided, as it is an epitome of his own personal observations, and 
experience. 

Up to late years the subject touched upon, was thought a very 
insignificant one. Quite recently he came across his own personal file in the 
Secretariat and found in it a remark to the cfTect, that though he was a good 
llevonue Officer, ho took little interest in Engineering, Tiio writer had formed 
that opinion, because Mr. Marsh had worried himself in trying to find out the 
best gradient for distributaries. 

Mr. Kennedy computes that the lo«s of water in channels amounts to 50 
to 60 per cent, of that entering the head, therefore Mr. Marsh thought tho 
subject is a very important one, and moreover that tho problems of storing 
extra supply and of carrying volume from ono doah to another might he greatly 
reduced if more were done to economise the enormous losses in existing canals. 
This has been put very plainly and ho drew attention to the seoond page 
in which differont sections of distributaries resulting from the different 
gradients arc given. 

It might be urged that velocity must depend largely on hydraulic mean 
depths, but there is usually much tho same proportion between depths and hed- 
widths; Mr. Kennedy has given very good proportions for channels, and Mr. 
Marsh thoroughly agreed with them. 

As rogarcls flat slopes, Mr. McLeod has construofcod more distributaries 
than any one in tlie United Provinces, and ho approves of oven flatter slopes 
than Mr. Marsh did, going as low as *48 foot por mile. 

He thought one difficulty in discussing tho question of automatic puddling 
is that tho discharges are so incorrect, this be said with all doferGnee to 
Mr. Maconchy, e.ff., take a discharge at mile 6, and again at mile 10 of a dis- 
tributary, and though no water was passing out of the channel into tho water- 
course in that iengtb, it is quite probable that there would bo very little differ- 
ence, if any, in the two results. This is because tbo system of taking dis- 
cliarges is wrong. Mr. Marsh hoped that tho proi^osal to grade w'ith flat slopes 
would bo criticised freely ; his idea is to give tho water a chance of making a 
watertight perimeter, w here a branch takes off from tho main oanal, careful 
regulation should bo employed so that the water enters quietly instead of 
tearing up the bed. It will have tho velocity given by Mr. Kennedy’s diagrams 
fora mile or two, then after a good start no trouble will he experienced from 
silt. 

. He did not think that a slow velocity induces weeds as is commonly believed,' 
In Bohilkhand he found channels full of weeds, although the bed slopes ran as 
high as 4i feet and 6 feet a mile. 

Mr. Bion can testify to the improvements in keeping channels free of silt 
introduced on the Eastern Jumna canal ; they liavo been very successful and 
have been tho moans of a largo saving of expenditure. 

Mr. Marsh said Mr. Laurie, Executive Engineer, sent the following 
remarks on the subject;— 

Proofs of Automatic Puddling, collected hy jifr. A. G. hAVP.iT., Executive Engineer. 

Approach channel, Bald* aqueduct . — ^Tliis channol is 700 feefc long niid in very high 
cmb.-inkmcnt nearly all tho way, its mnsimnni height Iicing 20 feet above ground level. It is 
composed of almost pare gravel and small bonMcrs, with outer slopes at 1 to 1 pitched with 
boulders. Water first admitted towards end of August 1908, when the loss actually calculated 
from disobarges was 27 por cent. It was run almost the whole of September, but thefo were 
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ievr muddy floode durim' Hint month, and the diminution oC poroolatiou was 4 per cent, or 
5 per cent. only. On 2nd April 190 1- a freshet oamo down, and advantage was taken of it 
to run a supply through this channel, and the loss iminodintcly fell to 9 per cent. It has run 
eontiimously siooo then, and discharges halccn on 6th Jnne showed a loss of only 7 per cent., 
and ono taken on 27th July current year g.avo I’S per cent. loss. Vho process going on is 
no doubt one of conglomeration, of which numcroas evidences, in the esistcnce of huge blocks 
of a sort of natural concrete, are to bo found almost every where in tho Dan torrents. 

Balamala and Natlivaicttla mtnorn . — Tho first mile of these channels runs in nn old 
excavated channel, which was given up ns hopeless some 12 or Ifi years ago. The bed and 
sides consist of boulders, from a owt. to a ton in weight. The original bed bad a very rapid 
slojie, which prevented any deposit of silt ; this was flattened by introducing falls at every 
hundred feet or so. 

On first admitting water in Juno 1903, a discharge of 18 ctisccs did not reach beyond 
the first furlong for 8 days. Tho process of natural puddling was all this time going on, and 
gradually tho water reached farther .and furtUei’. By the 25th August 1908 the lass over tho 
whole length of 9 furlongs, with a discharge of 18 cnsccs at head, was only 24 per cent. This 
clmuncl has' been run, whenever supply admitted of it, duriug tho rabi, and again since the 
nains have broken. The loss in the total length of 0 furlongs is now only 9 per cent. In addi- 
tion to filling up tho interstices under ground, a deposit of ono foot thick has been formed all 
round tho wotted perimeter. The channels wore dug ono fool wider and deeper to allow for 
this deposit. 

LahJiautBala and Fatepur minors . — These cluuinels arc now quite watertight. 

Mr. Kennedy thought the Punjab and United Provinces Engineers 
generally agreed; but that the latter go further than the former. 

Mr. Preston said that at an early stage of the discussion ho would like 
with Mr. Marsh’s permission, to circnlato the section of a channel ho has 
recently sent up to the GovcrninonL of India for sanction. ]Mr. Marsh has in 
it carried out his theory in tho case of a largo canal carrying 1,700 to 2,000 
cusocs. Tho interest in tlio section, is the number of 1 foot falls which Mr. 
Marsh has introduced, and this is certainly an oxceptional grading for a large 
canal ; it certainly' shows that Mr. Marsh has tho courage of his opinions not 
only for distributaries, hut for canals. Besides tho lining of the channel with 
silt there is another reason for which this was done. It will bo seen there 
is an extraordinarily shallow depth of clay, it varies from 4 feet at tho head of 
the canal to 7 and 8 feet lower down. Mr. Marsh wishes to keep tho grading 
of the bed within tho clay so as not to out into tho sand, to do which would 
increase tho percolation. Jlr. Preston was bound to say he had never seen 
any large hranoh of a canal designed ou similar lines, and ho thought it 
exemplified Mr. Marsh’s contentiou bettor oven than tho papers itself. 

Mr. Ncthcrsolc said ho drew up the project ; the slo])o given is simply 
one that will provide volooities that are considered proper for the main canal ; 
canals that have been made since with slower slopes arc found to work satis- 
factorily. 

The reasons for adopting the series of falls were : firstly tho ono 
Mr. Preston had first given, vis,, that there was great objection to going 
through that olay anywhere, and secondly hecauso outsido excavation to make 
up hanks was avoided. One of tho objections raised to tho canal under 
consideration was the high spring level. 

Mj. Marsh said he had plenty of instances to justify the grading 
proposed ; the Agra canal for 32 miles had n grade of half a foot in a mile, 
i.e., *5 in 5,280 only and it is in perfect condition, and tho distributaries 
taking out of thoso 32 miles arc not troubled with silt at all, because the canal 
is going smoothly and is not tearing its bed and hanks and providing silt to 
deposit in tho di.stributarics. Bolow miio 32 there is a good deal of silt clear- 
ance. In the Eastem Jumna canal hcadreach tho water goes over boulders, 
a two-anna bit can be seen in 5 feet of water ; when it gets into reaches with 
rapid slopes of 1 foot and 18 inches a mile, the water becomes very dirty 
showing the amount of stuff it has scoured on tho way. Mr. Marsh believes 
that a groat deal of tho trouble in canals is due to the water going too fast. 

On tho question of Goverumont taking charge of small chanuels 
Mr. Nethersolo wished to say a few words. In the Northern Division there 
were four zeiniudari watercourses, which were graded at slopes of 10 feet 
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and 12 feet a mile j the aggregate discharges were 42 ouseos ; they were taken, 
up and oonyerted into Government ohanncls by the interpolation of shallow 
fails. Ho went very carefully into the statistics of the irrigation they were 
doing both before and aflcrwardsj as well as the discharges and found there 
was saving in volume, of 40 per cent., and a considerable incroase in the area 
irrigated. 

The minors also improved, as eventually the channels got lined with a 
waterproof eont ; hut the chief thing has been the economy in the water. 

Mr. Benton agreed generally on the j^oint under discussion, hut thought 
it should ho proved that the gi’ading proposed is clieapcr than that usually 
adopted before it could be said to ho better. 

Referring to the silt in channels with flat .slopes, Mr. Bion said there is 
the Baruli distributary in which for 21- years the first two miles had a slope of 
1*G0 in 6,280 dropping to 1'2 in 6,280 ami then to -8 in 5,280. Up to the time 
he left, it had run for 2-1- year’s and tlicre was no clearance whatever either at 
the top or the tail. 

Ml’. McLeod stated that since the remodelling had been done the cost 
of maintenance was very much less, and percolation had entirely ceased. 

There was no discussion on Mr. Kennedy’s paper on distribution of water 
by measurement. 

Mr Hill's paper on Distribution of tenter in the Deccan. 

Mr. Hill in introducing his paper on distribution of water in the Deooau, 
said ; — It has been argued that the distribution of water from a tank is not the 
same as from a river, where the supply is flowing j it seemed to him that 
the principles of distribution are the same. 

He did not think the present Bombay practice is right, they don’t dis* 
tribute the water unless it is applied for j so that if it is not all applied for it 
is kept in' the lank and wasted. Ho maintained that the whole volume of the 
water iu the tank should he used every year ; the system of distribution 
should he worked out in precisely the same way as from a river, the water 
should bo allotted for certain crops, whether it is used or not, tlie people would 
soon got used to the system ; an economical system of distribution should he 
provided which sliould be worked to. Ho said the people do not apply for the 
water, because they are not confident that it will be tbere. No system of 
watercourses is provided in Bombay. There is a keen demand for water for 
sugarcane, but for the irrig.ation of canc the cultiv.'itors have to expend largo 
sumsj and until they arc certain, they will got the water they won’t lay out 
any money. The charge for sugarcane is up to Rs. 40 per acre, and still 
Lhei’Q is a greater demand for water than can ho supplied. 

Referring to the paper on Bandhnra irrigation in Nasik, Mr. Hill said 
these works were iii existence before the Public Works Department was created. 
Tl»e supply from them is not nearly as good as from tanks. 

Mr. Marsh enquired if it would load to an extension of irrigation, if the 
water rates worn cheaper. 

Mr. Hill. — 1 don* think it would. 

Mr. Marsh. — W c want to make reductions for rico and sugarcane. ■ 

Mr. Hill. — It is a great mistake to reduce rat cs for rice. 

Mr. Marsh said ho had just proposed an alteration of the existing rates on 
the United I^roviuces canals, there is a splendid volume of water available at 
Narora, when the snow melts in the hills in May ; hut still there is a very small 
return from kliarif irrigation on the Lower Ganges oannl. Since indigo went 
out of cultivation there has been no cori’csponding development of cotton, rico 
or maize, except in a dry year, when the monsoon f.iils, ITo was quite sure 
that the revenue will increase iranionsely if the Vtates for sugarcane .and rice, 
and for tho Icharif crops generally are reduced on this canal. The scheme has 
been approved by the Board of Revenue, and tho Lieutenant Governor. A 
demand for water during the raiu.s will bo a great gain, because during’ tho 
floods the muddy Ganges water can bo passed into the distributaries ; tho water 
is ordinarily very clear at otii or seasons and does not provide the sediment which 
is so valuable for slauuchiug the ohanncls. 
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Mr. Preston said stands to reason, that the rates imposed must vary for 
tha differing ciroumstances of different canals. On the Western Jumna canal in 
the Punjab the Lieutenant Gorernor recorded a note in 189G in whioh he said 
that it trould be proper to raise largely the rates for sugarcane, because the large 
quantity of water required for that crop hampered therabi irrigation. 

In the Karnal and Delhi districts this crop has been said to be the sheet 
anchor of the cultivators, and yet they only pay a rate of Its. 8. When he was 
Cliiof Engineer ho lind proposed to run it up toEs. 12 ns in that particular case, 
it is desirable to oliokc off its cultivation to a certain extent so as to set water 
free for tbo extension of rabi cereals whicli t>onont so many more of the culti- 
vators, He had heard sugarcane described by a cereals engineer as " a noxious 
weed.” The ease of the United Provinces is dilToront. In that case there is 
ample water, but no demand added to wliioh it is desirable to bring the silt in 
the channels. It therefore scorned to Mr. Preston it was impossible to generalize 
or to say that tlio rates charged in one place woro too high or too low because 
they were different olsowlmro. 

Mr. Visvosvaraya said that near Poona a prohibitive rate for sugarcane 
had been put on, but the conditions prevailing justify it. 

Mr. Hill remarked that the works in the Dcccan are protective, but 
they do not get full credit for the benefit they really arc. Thus when they arc 
made, the value of land goes up largol 3 '. Land originally worth only Es. 2c 
an acre has beon valued at considerably over Es. 100 since a Government 
irrigation work bns been made, and he thought thoro ought to ho some way by 
which the canal or tank could got credit for this iucrcasc. 

Mr. Marsh enquired whether some action will not bo takon at the 
quinquennial settlement, but was informed that tbo settlements in Bombay 
are for 30 years ; continuing, ho said in the “ precarious ” tracts of Bundclkliand, 
a system of quinquennial settlements lias been introduced whereby a share of 
the* ])roiits of the land owners from new works winch tl»ey obtain by inorenseri 
rent of land will coiuc to Qovornraont, when tbo value of the irrigation lias 
made itself felt. The whole or some portion of tills increase in land revonue 
will be credited to the works, A reference to the Irrigation Revenue Eoporis 
siiows a large item credited to tbo indirect receipts of tlic canals amounting to 
soinotbing like 30 lakhs in the United Provinces. The Lieutenant Governor 
of those Pi’ovinocs li.ns devoted much attention to lliis point, and has decided 
that in the case of futuro small protective schemes, it is to the indirect profits 
in tile form of stability of land revenue, and possibly its enhancement, that 
credit must be looked for. 

Mr. Preston tliought that was not qnito tbo point. Uc said that when 
land was taken up on the Swat river c.anal inl870i not more than Ks. 6 per acre 
was paid for it. Isow tbo value has run up to over lls. 160. Mr. Hill con- 
siders that the Government works should obtain credit for some share of tlic 
increase of lls. 1<1'5 wliich has accrued to the land owner. The question is 
how is it to be got ? Mr. Marsh thought it would come in at the quinquen- 
nial settlement, hut Mr. Preston said the Government docs not, as far ns Lc was 
aware, got any share in the increased capital value of the land. 

Syed Jnffer Uo.ssain submitted the following note on a similar point. — 

lu Gwalior Slate there arc three kinils of email tanks : — 

(1) Sohmerging tonka j 

(2) Submerging tanks with rice fields outside them j 

(3) Small reservoirs. 

In depressious, whore there arc ridges on two sides, low 1>und.s, with sconring sluices, aro 
creeled from ridge to ridge to hold water in order to submerge tbo land on tlic upstream side- 
In tlio month of October the tank water is let out througli tho sluice to tbo iieigbbouring 
drainage. Tlio land wliieh had been under water is then sown and yields very good rabi crops 
without any further watering or manuring. The manure is supiilicd by the cattle which graze 
over the catchment area throughout the year. 

Tlicsc tanks cost very little, and yield n very largo profit on the outlaj>', sometimes when 
the gradient of the ground is not verj' steep the crops yield up to 20 per cent, on outlay. 
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i. In plac^ whove ihorc is suiLaMo land for rice cultivation below the bund, one or nior6 
eIuIcgs arc provided to irrigate tlie rice ^fields. The tank water gives tbreo advantages to tbe 
rice crop (1) manure ; (2) a crop of grass"; (3) irrigation. 

The rice fields arc surrounded by banlrs from 1 to 2 feet in height. After the first showerj 
when the tanic has filled siitticiently, the cultivators plough the fields and fill them with tank 
Water, and keep them under water for 4 or 6 days, so as to drawn all the coarse grass. Then 
seed is sown, and .after 3 days when it is about to sprout the banks are cut, and the water 
dnained off. The whole process takes from 7 to 10 daj’s. During this period, if there is no rain 
the _ fields are kept brimful with water from the lank, to supply the deficiency caused by evap- 
oration and percolation. 

If the rains arc favourable and regular, no more irrigation from the tank is required until 
October, when one or two w.atoiings are given to bring tlic crop to maturity. In October 
the balance of the storage is let out through the sluice, and the submerged area yields a very 
good rabi crop without further watering. 

In years of Ec.anty rains, the rice crop generally fails, but tbe r.abi crop is assured. In a 
3 "c.ar of dronght no rice is sown, and the rabi crop is precarious except in tbe lowest part of 
the bed o'l the lank. These reservoirs arc also very useful for r.aising the spring level in the 
wells. In rock)' ground, the spring level is often so low, that well irrigtition is impr.actic.ahle, 
hut in the course of three or four j'cars after the conslructioii of a tank, the spring level will 
bo found at a reasonable depth. The least catchment area which is required for a very small 
tank of this kind is one square mile, provided that its soU is impervious, and the gradient 
is steep ; otherwise five square miles will hardlj' be suflioiont to fill a tank having a sub- 
merged area of 600 acres. Five inches of rain with an intensity of J inch per hoinr, will 
Eufiicc to fill a tank of this size. 

3. The third kind of tank arc regnbar reservoirs. In places w’horc the sites are favour- 
able for impounding a large quantity of water on uncnlturablc ground, reservoirs arc made 
with comparalivelj' high hunds, and the water is stored to irrigate rice and rabi crops, through 
small field channels. 

• There is j'ct another kind of bank. The country being billy the rivers and drainages 
arc very deep and a large area of land is consequently covered hy ravines formed hy the rush 
of the surface w.aler into the dnainages, this is denuding the land j'carl}’^ of its good soil and 
converting it into bad broken ground. 

Sir Michael Filoso, the Chief Secretary to the Stale, h.as constructed a number of bund 
across the drainages so as to imiwnnd water in the ravines. In the first few j’ears very little 
land was submerged, hut in course of time the ravines became silled and the water spread 
over the adjacent land and gradually reclaimed a Large ( ract of the ground. Thus the cutting 
back action of the ravines was totally slopped. Ills Highness the Mahanaja Scindhfa t.akcs 
a most practical and useful interest in irrigation works in his country and has lately amplified 
this s^'slcm to a considerable extent. 

Exact figures cannot be produced to show the productive value of these tanks, as no records 
.arc kept. His Highness the Maharaja wishes to cncoxirngo the cultivators to fiill^’ utilizo 
these tanks and has been pleased to command that no water r.atc should be assessed till the 
next Ecttlcmcnt. 
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FRIDAY MORNING. 


The papers considered on Friday morning, 9tli Seplomhcr, were— 

35. Mr. Kennedy’s paper on Bomodolling of Iriigation Dibtributarics. 
3C. Mr. Johnston's paper on Romcdics Being (Carried Oat to the Siswan 
Snporpassagc, Sirhind Canal . 

37. Mr. Kennedy's paper on Lessons to bo Learnt from Sirhind Canal 
Silt Troubles, wilb note by Mr. Gillmon on Arrangement of Gatos 
at Rupar Head Regulator. 

■ 3B. Mr. Kennedy’s paper on. Value of “ N ’* in Kuttcr’s Formula. 


JUr. Kenneth/ a paper on Semodelliiiff of Irrigafion Lialrilviatica, 

Mr. Marsh, with roforcnco to »vliat has been said about the necessity of 
increasing our stall', if tbo largo vilhigc ivatcicourscs are taken over as 
Government minors, said ho thought any Executive Engineer would say 
that tliQ work has decreased since this has boon done. Speaking for him- 
solf, ho must sa3' ho Avould rather hold a division noAV than 20 years ago, when 
Ihero Avero very foAv minora and the loss by closing outlets periodically wiis 
considerable and there were constant magisterial trials. Thoro are very fcAV 
instances now of Gelds being starved for AAunt of Arntor at the tail of a Avator- 
course. 

Mo had read the paper on the result of Sir. Kennedy’s remodelling of 
the Westom Jumna canal; it shoAA'cd tho ti'oublcs that resulted from the 
Tomodclling ; ho thought every report should deal AA'ith the disappointments 
as Avcll as with tho happy results that follow from improvements. 

Mr. Kennedy said the report referred to was premature, being Avritten 
before the work AA’as oomplotocl. 

Mr. Marsh, continuing, said in some of tbo minors tho water evidently did 
not get to tho tail and yet too much AAns lot in at tlvo head ; ho thought that 
was a result not of Kennedy's system, but of tho improvement not being 
suQloicntly nursed at the beginning. Probably Mr. Kennedy was trans- 
ferred or there was some reason of tho kind ; allorntions of this kind require 
a great deal of nursiiAg and watching in order to eliminate the angularities 
and faults. Mr. Kennedy has Gxed the factors much higher than he 
(Mr. Marsh) aa’ouW do ; on tho ■W’'cstcm Jumna canal it is taken as 150 acres' 
per ousoc. On the Eastern jAAmna canal the distiibutarics of which have 
heen I’cmodoUcd, it has hcon taken at 110 acres per cuscc, hut then ho found 
that the 150 acres is for both seasons ; so it would como to tho samo thing. 

As regards discharges, the only thing ho had to say was, with all dofer- 
onco to Mr. Kennedy who is a great matlicmatioian, that ho had very great 
misgivings as to tho accuracy of any discharge. 

He did not know AAhcthcr any gentleman i)rcsont had over taken a 
disolmrgo above a trifurc.ation ; he had done so, both Avith rods and Goats and 
had always found Bazin’s cocGiciont correct. Mr. Kennodj' in paragraph 6 of 
his paper had advised the construction of proGlo walls, Mr. Marsh did not 
think thoro ivas anything on which so mucli monoj’ had been wasted as on 
these ; it is doubtful aa hothcr thoro is any certainty ns to tho actual dis- 
charge required ; in a given channol it may ho necessary to increase or 
decrease that alloAVcd at Grst, then all tho calculations arc tliroAA’n out, and if 
proGlo walls have been put in, it is impossible to alter beyond a certain point. 
Oultivation may change greatly on a new distributary and again the calcula- 
tions arc throAvn out. 

Mr. Kennedy said tbo paper under discussion only applied to remodelling 
old distributaries, and there proGlc walls had always been found in the 
Punjab oxtromely useful ; ho would not put thorn into any now distributary. 
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Mr.. Marsh .thottglit this should bo clearly shown or it is apt- to he 
■misleading. Ejcferring to tho remark in the paper regarding how the outlets 
should be built, be said it was a subject in which there had been a groat deal 
of trouble and the United Provinces’ engineers had come to the conclusion 
that anything in the form of masonry would not do. 

He said they now use long castiron — pipes, and find them cheaper than 
anything else; they can he bought in the market 10' long and can be made 
watertight ; they can be put in at any required level, and if anything goes 
wrong with them or a change is required it can he effected with ease. He 
added that since they have been in itso there has boon no interference in the 
outlet by the villagers. ■ Mr. Kennedy has touched on the subject of dividing 
fields into plots. Years ago, Oanal Engineers woi’riod themselves a great deal 
about them, hut ho found the distributaries w'anted so much remodelling that 
he had stopped it. 

Mr. Kennedy agreed that castiron pipes would bo very good, but very 
costly. 

Mr. McLeod said that he had made outlets of from d" to 6" diameter of 
-castiron pipes and that he believed the dilTerence in cost of masonry and 
cast-ron pipo outlets was Rs. 300, for a whole system in favour of masonry. 

Mr. Hothorsole said that what struck him after reading Mr. Kennedy’s 
papers and others on the subject such as that on the financial results of the 
Deohand branch. Upper Ganges canal, and the other on certain drainage 
cuts, is that aitor all the science of irrigatioJi has not advanced very -mneh. 
A great advanec has no doubt been made in the distributary systems by the 
abolition of taiils and that tho running of channels alternately with their 
designed full supplies has led to economy. He did not think wc had profited 
as much by experience as w’e might have done. Thus, on the Jamaro canal, 
which was designed and constructed comparatively recently, the same mistakes 
are found as have been recognized and written about on the Upper Ganges 
oanal j he referred to the steep bed slope and consequent soour. It is a very 
groat pity as tho same had results hare necessarily followed. 

Passing on to watercourses, so far ho thought no advance at all had 
been made. He was not sure that the matter bad bcon gone into in tho 
right wayj desultory exporiraents hare been made as officers have only been 
able to do thorn in tho midst of a great deal of other work; nothing compre- 
hensive has been undertaken. If experiments in these directions wero made 
systematically under a trained man, some definito information would bo 
obtained as to what loss in tho present efficiency it would be possible to save, 
he thought such experiments would be well worth their cost to Government. 

He had puddled a watercourse as an experiment. The difficulties he 
found were in tho observation of discharges in such a small volume of 
water ; it seemed to him that is the difficulty in deciding what advantage 
is to he got from making channels impervious. 

Next as regards Kiaris, when ho first oamo to tho country it was an 
important part of his duty to write about the difference in the increased 
duties in certain fields j that has been since given up, and he thought that until 
tho distribution is in a more efficient state that part of a canal officer’s duties 
might well be dropped. 

Recently, ho made the whole of his rcvcmie ostablisliment undertake 
a very practical experiment, tho orders were .for each man ^ to go to a water- 
course, and having selected a dozen fields of equal size or a single field divided 
into two equal parts, then when tho head on tho outlet was more or loss con- 
stant to make observations as to the irrigation of one field with, and of one 
without, Kiaris. Many observations were made and the not result showed a loss 
of water of 30 per cent, in tho fields in which there were no Kiaris. Ho thought 
that this loss is entirely avoidable. 

He wished Government would sanction an experiment on a given minor 
with a view to testing what duty can ho got out of a given discharge by an 
officer actually doing tho irrigation himself. This would give posith^o proof 
what volume could he recovered of the water at present lost. 

G. 2 
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Ho would put an officer on special duty. IE the osperimonts were carried 
out systematioally throughout a whole year or harvest, it would he seen what 
duty could be got out of the water. 

Hr. Preston said he was glad to ho able to inform, the Oonference that 
at his suggestion the Qoverment of India have already done the very thing 
wliioh Mr. Nethorsole asks should he done and that this was the main reason 
for Mr. Kennedy's transfer from Bengal to the Punjab. 

Mr. Kennedy has been given an absolutely free hand as regards the 
establishment and money required to ascertain — 

(1) the loss which Mr. Notbcrsole complains of : 

(2) whether in any way he can make the watercourses and subsequently 

Government channels watertight. 

Unfortunately Mr. Kennedy's return to the Punjab took place just at the 
beginning of the hot weather; and it is holioved ho has not boon able to do 
much as yet but much may bo looked for next cold weather. Mr. Preston was 
thoroughly confidant that the oxporiments cannot be in better hands and that 
by the autumn, of 1905 engineers will havo the information which Mr. Nether- 
solo thinks they should possess. 

Mr. Netheraole agrood that the experiments could not bo better entrusted 
and Mr. Kennedy thought similar observations might bo done in the United 
Provinces. 

Mr. Preston did not think so. It seomed to him it would bo a mistake to 
have too many experiments, besides which establishment is desperately short. 
Certain result will bo obtained in the Punjab and from those other Provinces 
will no doubt ho able to deduoo wbat will suit their needs. 

Much satisfaction was expressed by the meeting at the aotion of Govern- 
ment in this matter. 

Mr. 0. A. 'White thought it would bo an advantage if, ns a result of tho 
confcronco, some standard practice were decided on for calculating “ duty of 
water.” 

Mr. Buokloy in his book on Irrigation states; “Tho duty of water is the 
aroa of orop which can he matured by a given quantity of water." 

Tho unit of quantity of water is usually taken as 1 cusco, but the base of 
the duty should bo noted, i.e., tho number of days in which tho crop is matured. 
It is rarely noted in how many days one watering is given or the number of 
waterings. 

Again in calculating duty one person will include every day of the irrigat- 
ing season whether water was taken or not, while another will count only 
thoso days on which water was taken. 

In Bengal it is most usual to calculate the duly over tlie wholo season, 
taking every day wliothor water was taken or not, but tho duty is also 
oalculatcd for one watering of 15 or 20 days at the time of keenest demand. 
Again in some cases tho total disehargo at the head is taken and in some that 
utilized only. ' 

It appeared to Mr. White that tho unit for tho base should bo cither ; — 

(i) a fixed arbitrary number such ns 1, 10, 16, 20, 30 or 100 days, 
whichever may be decided upon, or 

(i7) the numhor of days required for one watering — 

(ff) for rice, this might be tho average least number of days in 
which 1 ouscc would irrigate the area ; 

(6) for rabi, cither as above or the total number of days in the 
season divided by tho number of waterings found necessary 
to mature the crop, say *|^=d0. 

It might be possible to fix the bases for rice and rabi for each system of 
canals. 

The following rules are suggested. 
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** Duty of' water ” to be the area of crop which can he irrigated hy 1 
cusec in X days for rico and Y days for rahi. 

The duty to he calculated on the water utilized. 

It should be clearly stated whether the duty is calculated on the discharge 
of the head sluice of the canal or the head sluice of the distributary, and 
unless one fixed base is adopted for the whole of India, the value of the base 
must invariably bo noted. 

In’ Egypt the duty is taken as the number of cubic metres required in 24 
hours for each feddan (about 1 acre) of land* 

Mr. 'White understood that in the Punjab the rule is to take the duty as 
the area of crop which would be irrigated by an average supply of one cusec 
punning full tlmo. 

Mr. Kennedy said in the Punjab the rule is to take the duty over all the 
days the canal is open during the season or crop, he thought this is, perhaps, 
as good a -method as an 3 S hut all arc imperfect, ns the rain fall, duration of flow 
and the number of waterings given to each crop are all important factors. 
Theoretically the best unit would bo the value of '* delta or average depth of 
water' laid ou for each watering, during the crop; but not knowing the 
number of waterings this is impracticable. 

Mr. 0. A. White said the term full supply factor ” used in the paper is 
new to him ; he understood it meant the duty modified by “tatils ” and loss by 
absorption and is usually applied for the discharge required at distributary 
heads, and of coarse varies on each canal. 

Mr. Horn used to say that the Bengal Irrigation Officer is practically 
concerned with one crop only, vis,, rice. The critical period for rice cultivation 
is towards the end of September and the first 10 days of October. Last Peb- 
ruary, he (Mr. White) was informed that the demand for water for transplant- 
ing is sometimes as great as it is in October. It may be so now, hut it was 
certainly not the case when ho was on the Sono canals 15 years ago. In 
designing a new system of canals for rice cultivation in Bengal, no one would 
dream of designing the canals for a higher duty than 60 acres per cubic foot of 
gross discharge. In the Sono the duty at the outlet is taken at 80 acres 
for a period of 15 days, during fire days of which the outlet remains closed. 
In the Midnaporo district tbe duty is nearly 160 acres. If the Behari culti- 
vator would learn to do away with " Xigar ”t in the middle of September, a 
duty of 80 acres per cubic foot of gross discharge would be possible. In 
Bengal the rabi duty has no value. 

Syed Jaffer Hussain thought much good might he done particularly in 
regard to economy of water if an attempt were made to teach the cultivators, 
who are quite ignorant, improved methods; some agricultural hooks have been 
introduced into village schools but in those nothing is said about irrigation. 

The Opium Department are endeavouring to do so ; they have an annual 
gathering of opium cultivators ; ax^point one man as the head and then give 
instructions ns to how to cultivate opium and encourage this by giving them 
rewards. 

If the cultivators know how much they might benefit themselves by 
using canal water economically, and if tlicy wore directed in these matters by 
zilladars and other officers .from time to time, they would improve in their 
methods. 

He also thought that the shutters of outlets should have some arrango- 
ments of looking which would prevent intorferonce by cultivatoi-s and others. 


*JVo(e—- 

, S. Scptli in inclic.s = X 23'8 
V, Volnmo in cnlio foot = -^ X 80, -100 . 

X. DisohiiTgo in oneccs = 

■f 'I It ta n custom nmong tlio cuUiVAtoro Hint during tlic poriod knon'n ns tlic Uitnr Plinlgnni Nakslintrn, extend- 
ing^frotn tlio lull to 84tli Soptombor, tlic Witter mod for irrigntittg liio rico (wliotlier cannl orr.iin wntcr) U lot off or 
drained from tlio fields. Tbo lands nro tben dried. This drainage water is knowii ns nigar. It Qoirg^froin land on 
n biglicr Icrcl to adjoining Innd on a lower loVcI. ” . 
m n & A C W 
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Mr. Kennedy observed that by the Punjab system outlets are nevet 
closed. TVhenever a distributary is open at the Lead all the outlets on it were 
entitled to take water if they desired to do so. 

Mr. Preston wished to make one remark with regard to what Mr. Ifetbcr- 
sole said as to there having been no improvement in the matter of water- 
courses ; ho joined issue with him on that point. 

The minute system of distributaries to the new villages formed out of 
crown waste land in the Punjab bad been fully described in a paper published 
in Volume IBS of the Proceedings of the Institution of Civil Engineers, hnt even 
in the case of old villages he thought a great deal had been done in recent 
irrigation schemes by accurately levelling the whole country, and by the 
Engineers aligning and grading the watercourses to be subsequently dug by 
cultivators. He therefore did not think Mr. Nethersole was right in saying no 
progress had been made in this direction. 

Mr. Nethersole said he was not referring to the alignment ; but to absorp- 
tion losses. 

Mr. Benton asked Mr. Kennedy to esplnin how ho would arrive at tho 
full supply factor in the case of a new project. 

M.r. Kennedy replied that an assumption must he made that there is so 
much water, tbat it has so many days to run and tho full supply factor must be 
deduced aooordingly. In both cases (i.e., calculating for one crop or for 
both) there is a certain amount of assumption ; the assumptions as to the 
amount or relative proportion of kharif and ralji may not prove_ correot, as 
in the result that mostly depends upon the people and local conditions ; on the 
whole he would say it will bo best to simply assume that so much percentage 
of the commanded area is to be irrigated during the year, and leave the ques- 
tion as to bow muob of this will be in one crop and bow much in another to 
the cultivators. 


Mr. Johnston's paper on JRemedies Seing Oarned Out to the Sisioan Super- 

Passage, Sirhind Canal. 

Mr. Kennedy said the Siswan suporpasaage has given an increased amoun t 
of trouble and anxiety ; should it come to grief, the whole Sirhlud canal would 
have to be closed foe probably two years or so. 

The down stream 60 feet of the arobes have sunk bodily from 3 to 6 
inches, and threatened to cause tho collapse of tho arches. Por a long time 
the cause was unknown, but now there is no doubt, but tbat it is duo to the 
“ pressure-head ” of the subsoil water causing springs and sandblows from 
under the floor and inverts on which the whole stmoture is built. Since 
Mr. Johnston’s note was written more information has been collected as to how 
this underground pressure acts, by observing the level of the water inside stand 
pipes, fixed at the nose of each pier, abutment, and also outside the canal 
under the torrent bed. The results have all been plotted on a diagram (PI. 
Ho. 66) of wbioh a few tracings only are at present available ; and in order 
to understand the results the following notes should be read ; — 

The diagrams showing the heads of pressures under tho foundations, which have bsen 
eomplctcd since Mr. Johnston wrote his note, require further explanation. 

Take the torrent first the bed of which is shown as a hatched lino at R. _ L. 878'00, in a 
continuoifs diagram of daily records. The black patches above bed shews heights ond duration 
of floods in tho torrent, and it will be seen those only lost short periods. The dotted line 
below the bed shews thelevels at which water stands in a hole dug in tho bed of the nala close to tho 
deepest channel, i.e., where the flood lasts longest. To the side of this, at the torrent edge, the 
depth is usually about 8'0 feet lower } but neither of these are rml spring levels,^ merely the 
seepage, from the floods trying to find its way down to the subsoil water. This it docs very 
slowly as shown by the diagram, but 'rises at once when the next flood ocoors. If a tube well 
be put down close alongside of one of these holes, it shows a very much lower real spring 
water level ; 10 or IS feet lower, two such tubes have been recorded since the 13th July and 
are shown on the diagram as " left well " and " right well ” as observed on that date, 
and at every subsequent seven days' interval. The position of these two tubes is about loQ 



ioet back from the abutment and nearly in the line of tlie &taiKl pipes at the doim stream ndsc 
of each, of the six piers and the two abutments; of which tho pressure heads are also shown 
by the same line. It will he noticed that tho real spring water level outside the canal, has 
risen in the loft well (t.c., loft of canal looking down stream) froni 865*91 on 13th .Tiily to 
860*66 on 31st August; or nearly four foot; and the right well from 865*08 to 870*91, or 
nearly live feet. 

The chain dotted line shows the canal supply level ; tho canal bed being shown by 
hatched line as 854*4'S. 

It will be observed that as long as the canal is running fairly full (about 10 feel depth 
the head in the stand pipes is always about one or one and a half feet ^iore eanal level, and this 
oven onthe 81st August, whon^tho spring water level outside the canal had risen 4 or 5 feet. In 
other words tho upward pressure under the floor seems to he nearly or quite independent of tho 
spring water level outside the canal, though from both sides subsoil water drains into .the 
canal. The pressure in tho stand pipes seems to have its source from deep down under the 
floor, and in fact this liead may bo sometimes a little higher than the spring level just outside; 
(see for example July 13th and 20lh), though when the outside level rises it is considerably 
lower. 

Immediately, however, the canal supply falls, the level in the stand pipes also falls which 
must mean an increase of spring from undernealh tho floor, partly through tho cracks that 
still remain, .and partly on the canal bed, up and down stream. ^Vhat is chiefly to bo feared 
is of course tho difference between the head in the stand pipes, and the canal level ; this 
iucroascs rapidly' ns tho canal level falls, aud constiinlos the force tending to lift the floor and 
cause sand to blow up. With a full caual this head is on!}* one, or one and a half feet, and 
with an empty canal, at the end of a long closure (see Slay 25th), w*ilh one toot of water in the 
hod, it is from 4 to 5 feet. This may he taken as the utmost snfclimit, seeing that the concrete 
floor put down last year is only 2 feet thick, and wonld only need nhont 4- feet ho.ad to lift it 
bodily. To show the effect during the lime the canal is being closed off a separate diagram 
has been drawn out, and though the canal level was only lowered about 54 feet in 0 hours, yet 
the level in the stand pipes sank so much slower than this rate, that at the end of that time the 
head under the floor had risen to tho danger point of nearly 5 feet, from its original fignic 
of under 1*5 feet. This shews the o.xlrcmo danger that would ariso from any very sudden 
c'osurc of tho canal, by dropping all, or nearly all the head gates at once. Thus, if it were 
possible in an emergent closure to lower the canal level in two hours from 10 feet depth down 
to any 3 feet ; the iiressurc head would probably bo somewhero about 7*0 feet. 

It will bo seen that the pressure at tho diilcront piers is by no means tho same, and the 
differences incrcaso rapidly, the lower the canal is, f.e., the greater tho pressure head. The 
lowest pressures arc at pier No. 1 from tlio left, and at the right .ahntmont ; and tbo reason can 
only bo tliat Ihore arc more springs finding an exit there than elsewhere. Possibly pier No. 1 
is conneoted undergrouiul by .an old drain pipe left anderncatli, and lending towards tho new 
spring which burst up suddenly last May, down stream from the lino of piles. 


Mr. Marsh said ho had read this paper with great interost and desired 
to throw' out tho suggosiion that tho cause oC tho trouble seems to bs the 
inequality of the spring level ; it rises and tails, and ho would suggest puddling 
tho canal upstream ; he supposed half a mile could be puddled lor Ils. 80,000 ; 
and a great deal more than that must have been spent. 

Mr. Kennedy did not agree, ho said the trouble is duo to tho pressure level 
beneath the foundations and that it would bo useless to puddle tho bed as tbo 
pressure comes from below tho work. 

Mr. Marsh observed that tho pressure drops when tho canal is closed 
which shows the canal has something to do w*ith it. 

Mr. Benton. — Yes, an inverted filter downstream. 

Mr. Kennedy pointed out that as a matter of fact the pressure under the 
floor is higher than the canal water level always, it falls with tho canal but 
keeps above it. 

Mr. Marsh enquired if there was any record showing original spring levels 
and was told there is not, but it was much biglicr than it is now, because tbo 
canal acts as a drain. 

iifr. Kennedy' 8 iiapcn' on Lessons to be Learnt from Sirhind Canal Silt Troubles 
■ toith note by Mr. Gillnion on Arrangement of Qaies at Knpar Kead 

'Regulator. 

‘ Mr. Kennedy said about 1803, the Sirhind canal threatened to silt up 
bodily at the head, many remedies were proposed, sonio wore carried out and 
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cortain experiments on silt wove kept up from 1893 to 1808 ; the results are 
not generally known^ and do not assist muck in a solution ; ckiody because 
all the finest mud or clay sediment, ■vrbich does more good than harm, was 
inoluded in tbe obsermtions while all that really matters is the sand. The 
main result wbicb Mr. Kennedy has been able to deduce is that most sand 
is carried, not in tbe rains, but in the melted snow water before tbe rains. 

A classidoation of the various kinds of sand is also proposed ; ' based on 
velocity of fall in water ; and a form of sand-separator, utilising tbo same 
principle is given on Plate 68. 

An analysis of various sands in tbo form of a diagram is also giveu, vide 
especially tbe results showing that tbo sand in a river bed is really finer far 
away from tbo bills. 

Tbe principal interest in this paper, however, will probably bo thought by 
most people, to lie in tbe proof, that a raised sill at tbo bead of a canal is by 
itself of no use in excluding silt ; bnt there seems no escape from this con- 
dusion ; and it is one wbicb many people will think might have been 
expected. 

An inspection of tbe model of tbe canal bead under sluices and regula- 
tor in the room, shows that tbe chief peculiarity in tbe latter is its high raised 
masonry sill and a moveable gate sill rising above this with the same idea of 
excluding silt. Mr. Gillmon has given a full description of these. 

Mr. Benton fully agreed with Mr. Kennedy that it is most desirable 
to take oQ from a comparatively slack waterpool in tbe case of canal bead- 
works in very sandy rivers. He did not think it would be advisable to 
dispense with a high crest wall ; in his opinion it is very neoessai'y. And Mr. 
Kennedy admitted that whorevex tbo levels admit, it is certainly advisable 
to put in a orest wall, in fact it will usually be necessary for other reasons. 

Mr. J obnston referring to tbo remark in the paper that raising tbe sill did 
no good, thought tbe statement might be put in another way. Kaising tbo sill 
by itself did no good, i.e., that taking fast running water over a raised crest 
means that just as much silt is taken into tbe oanal as if no raised crest was 
there. As a matter of fact, however, having the raised crest enables tbe still- 
water pond to he formed in front of the regulator if tbe imdcrsluice gates ai'e 
kept closed. The raised orest to tbo regulator together with proper regulation 
seems to have got over tbe silt difflcultj^ in tbe main lino of the Sirbind canal. 
It bad been found at the bead of tbe Sirbind canal ; it is absolutely necessary 
that tbo regulation should be done at tbe right Sank of tbe weir as much as 
possible. The Hupar weir is not a long one. Tbe total length including tbe 
undersluices is 2,399 feet ; so that if regulation is done at the left flank of tbe 
weir tbe still water pond from -ndnob the canal is fed would ;be somewhat 
disturbed ; and more silt would be drawn into tbe oanal. . 

He believed he was correct in saying that tbe silt difficulty is oonsiderablo 
at tbe beadworks of the Sene canals in Bengal and be would like to ask if 
tbe improvement to tbe underslnices suggested on page 42 of Mr. Buckley’s 
book, namely, dividing the underslnices into two parts by means of a long 
masonry groyne with sluices at the upper end of the left portion ; so as to make 
a still water pond in front of the oaual regulator bad been carried out P 

At Brupar tbe water is held up 15 feet at tbo undersluices against 10 feet 
at tbe beadworks of tbe Sone canals. If Sou e canal underslnices were raised 
and higher shutters provided for tbe weir and tbe canal regulator provided 
with a raised crest like that on tbe regulator at Kupar, then be thought the 
Sone canals could be supplied with fairly clear water. And tbe silt difficulty 
overcome as it has been on tbo main lino of tbe Sirbind canal. 

Mr. Stawell said, Mr. Buckley and he came to tbe conclusion that it 
would be necessary to draw the supply off as much as possible from still- 
water. Tbo Sone gates arc in two parts; as tbe flood rises kurries are put 
in on tbe top of tbe lower gates, as it rises farther tbe undersluices are opened, 
and when tbe river gets to a certain level all the weir shutters are dropped, 
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and tile canal is closed and >s not allowed to be opened again until at least sis 
of the undersluice bays are closed. 

Two years ago there was a largo demand for canal water ; it was 
impossible to get the canal shutters up and when I did so 1 got 2 feet of silt in 
one day. 

1 said to Buolcley I would not bo responsible unless he gave mo authority 
to keep up the undersluioes as far as possible. 

I keep up the weir shutters until there is one foot of water going over the 
top of them. 

Mr. Kennedy said, if the canal full supply level happens to be very 
much lower than the river level as headed up by weir, a high crest must be 
raised, otherwise the waterway would be too great ; if the canal bed and 
water level were high, a low crest only is wanted. The ground silt is mostly 
deposited high up in the still pond. He agreed that it will usually be built in 
all head regulators, hut it is not essential, as far as the silt q^uestion is 
concerned. As a matter of fact, it did no good ns rather more silt went in'after 
raising the crest than before. The essental point is to have a comparatively 
Stillwater pond in the river, from which to draw off supply. If the heavy 
silt is not deposited in this, and gets carried up to the crest wall, it will go 
over it and be carried with the water into the canal. 

. He did not believe that if the sill did not esist, the silt would necessari- 
ly be swept into the canal. 

If the silt .'is deposited in the Stillwater pond (sill or no sill), well away 
from the canal head regulator only dear water oan possibly reach the regula> 
tor, and enter the canal. Once the pond gets silted up, or the velooity of 
approaoli is sufficient to carry forward the silt to near the canal head, a sill 
will have no affect in keeping sediment out of the canal. 


Mr. Kennedy's paper on Value of N" 


in Kuiter's’ Formula. 


Mr. Benton said, it was found in the Bari Doab canal experiments, that 
the figure worked to 0'020 for large chanuels, and he would he inclined to 
accept it for a canal which is not in such good order, i.e.t where the bed is 
uneven, the value works out to from 0*020 to 0*024. 

-The Chenah canal is a case where retrogression is going on and there the 
coefficient would he 0*024. On the whole he would recommend that 0*020 
•might be 'taken for canals of large size and in fah*ly good order. It was safer 
to adopt a low than a high figure. 

Mr. Kennedy would have two values, one for large canals and another for 
small ones. 


Idi’. Nethersole.— Kutter’s formula is as follows - 
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Mr. Kennedy suggests that the value of N as used in the Punjab, namely, 
0*026, is too high, 

In the footnote page 6 of Mr. Higham’s Tables this is also indicated — he 
states that in the Punjab canals in good order it is often much less than 0*026 
and in a few cases it has been found to be as low as 0*016. 


A lower value of N would of course result in a higher value of 0 in his 
formula V=0^/rs. 

In the United Provinces the discharges are generally taken by rods which 
give the mean velooity direct without the application of a coefficient. The 
standard coefficients used in the case of discharges taken by floats are based 
on Bazin’s formula. 

A comparison of the actual coefficient between the mean velocity observed 
by rods and that observed by floats is generally made at the time of taking 
the discharges, and in the Northern Division Ganges canal he found that 
the actual coefficient was very often, in fact generally, higher 'than that given 
674B&ACW H 
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in the standard tables. The result o£ ssr^eral observations on distributaries 
carrying from 10 to 200 cuseos sbotved that it should be increased by from 
8 to 12 per cent. Bazin’s formula takes cognisance of variations only of the 
shape of the channel determining r, and iu the degree of roughness of the peri- 
meter — Kutter takes also the variation of slope into account — but bis formula 
is an extension of Bazin’s rather than a correction, and for the range of 
artificial channels met with in canal practice, the results %vith 0*025 in Kutter’s 
formula are practically identical with Bazin’s, vide the preface to 
Mr. Kennedy’e diagrams. 

The observations Mr. Nethersole had noted with regard to Bazin |b 
coefiicient for earthen channels support Mr. Eennedy’s suggestion that 0*026 is 
too high a value for N and for distributaries, the value suggested by him 
of 0‘0226 which gives an 11 per cent- difference is almost correct. For 
all distributaries he thought 0*0225 is correct. 

Mr, Preston said on tho Rakh branch of the Ctieuab canal which 
carries a discharge of 1,200 to 1,600 ouseCs, he had observations carefully taken 
which yidded ooellicients equivalent to 0*016 and 0*017. The main canal 
was constructed for a supply calculated with coelEoient of 0*095 while the 
branches were calculated with 0*0226. The bedwidth was estimated to have 
been 240 feet, but it has been constructed 250 feet, this witli 9*5 feet of water 
and with an assumed coefficient of 0*025 give a calculated discharge of 7i968, 
the actual disoharge observed was, however, 8,320 for a 9*6 feet depth with a 
10*8 feet depth an actual dichargo of 10*730 cusocs was obtained whioh gives a 
value for N. of 0*018. 

His own opinion from the experience he lias gained is that 0*020 for 
large channels is better than 0*0225. 

Mr. Kennedy, oonoluding said the concensus of opinion appears to ho 
that for distributaries or not very large branch canals 0*0226 is tho right 
value to assume and for very large canals 0*020 may safely be taken. 

At the end of this sitting Mr. Kennedy referred to Ms paper on American 
practice reproduced as**‘Teohnical Paper No. 167 and made the following 
remarks. Tlie objection to the Boar Trap pattern is tlie cost, and the difficulty 
of getting tho gates to startrising when tnere is no fall through tho weir. 

Personally ho prefered the Drum weir, and would like to Lear the objec- 
tions to the design on plate XII, he liirasolf saw_ some ohjeotions to the method 
of fastening and keeping up the shutter, hut this could bo got over. 

The sketoh given is not by any means a final design iu fact it is 12 or 16 
years old. 

It is designed to work, not by pressure from above the weir in the river, 
but from a small reservoir a few feet above tho top of tho shutter. On Plate 
IX described on page 17, an idea is given for scouring out bed sand from tho 
head of a canal, without wasting largo quantities of water in esoapes. _ It 
would only come in useful when proper grading to ensure all the saud being 
c.airied forward was not possible. There are no suoh ease in the Punjab that 
bo knows of, and they will always bo rare. Plato VIII shews an American 
idea, described at foot of page 16, for only taking in top water, but it assumes 
an immense amount of surplus water in tho river. 

Some conversation followed which "vfas not recorded. 


Not 
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PRIDAT AETERNOON. 


Mr. S. Preston took tho chair on Eritlay aftoi’noon when the following 
papers were introduced : — 

39. Mr. Visvesvaraya’s paper on Economy of Water in the Deccan 
Irrigation. 

4i0. Mr. McLeod’s paper on the “ Debarred Area ” Scheme of thoEatehpur 
Branch. 

^1. Mr. Keeling’s Gate. 

Mr. Leather’s paper on Water of the Soil. 


Mr. Visvesvaraya opened with a few remarks about the special conditions 
in Bombay. BEe said 1 acre of sugarcane required 8 to 10,000 cubic feet uf water 
each watering and as 24 waterings in .nil are given, 2,40,000 cubic feet arc used 
per acre for sugarcane. Six lakhs of cubic feet in a reservoir will give 2,40,000 
cubic feet in the field. The loss has been roughly calculated, and may be taken 
at 20 per cent, in the lake and the same in oacii of the canal and distributaries. 
A duty for sugarcane of GO acres, at tho outlets is obtained. In the case of 
stored water, many precautions are necessary as it is very expensive. The cost 
of storing 1 cusec for 8 months is Rs. 10,000 to Rs. 20,000 and including 
distribution, between Rs. 20,000 and Rs. 30,000. 

Mr. Kennedy in discussing tho question of the modulo said it was very 
expensive j but as sugarcane brings in a revenue of Rs. 4<> per acre, the cost 
of tho module would bo fully justifiable in Bombay. It is- a choico between 
two evils. Mr, Visvesvaraya did not say bis particular model should ho]adopted, 
any other that promised to he successful might be tried. Objections have been 
raised to the module— 

(1) that the loss of head through it is too great. No doubt that is so, 

but the objection docs not apply in tbo Dcocan ; 

(2) cost of renowal of collapsible hose. 

This will certainly cause some trouble ; hut the same material, canvas, is . 
used in pleasure boats and in various other w'ays and. he did not sea why it 
should not be adopted in this instance. 

The principles he has described in his note have mostly been followed 
on works for the past 2 years there have been no complaints from cultivators, 
while formerly they were frequent. 

Eormerly on the Nira canal the Engineers considered that they, could not 
mature more than 400 acres of sugarcane, now' 800 acres -aro irrigated easily. 
The Irrigation Comrai.ssion said that if the Nira canal could be mado to pay 8 
per cent, on its capital cost, tho greatest objections to spending capital on it 
would disappear ; this percentage lias been reaojied already as tho results 
of working on tho lines described in the paper. Two qunstions in the paper 
have been raised. 

(11 He considered that in (ho case of a tank, or canal, the supply should 
bo distributed among the ouHivatora fur irri.gation and that the Engineer or 
Revenue Officer should confine his attention to what they do not use. 

(2) He know of many tanks w'hoi'e a supply of water is left at the end of 
the hot weather and it is practically wasted, as in the hot weather there is 
very little demand for irrigation. Instead of allowing this water to bo wasted 
ho suggested that in April it should be sold for any price it may fetch. 

Mr. Nethcrsole said 20 per cent, evaporation in a storage reservoir seemed 
very high oven if it is throughout tho year. 

Mr. Preston said evaporation cannot be ostimoted as a percentage of the 
volume, it depends mainly upon tho water spread. 

In tho Oeutral Provinces tank projects an allowance of 6 feet on the 
average water spread has been made. Whether 6 feet is right or wrong may 
be a matter of opinion ; it seoms reasonable. 

u a 
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Mr. Kennedy thought it varied from 6 feet to 9 feet. 

Mr. Mackenzie said there was a very good chance of getting some reliable 
figures in a statement ho saw the other day, ' Lately there was no rain from 
November to March, all through December the level of the reservoir remained 
steady, so that there was no absorption, the reservoir was 80 feet deep. In 
J anuary, Kehruary and March the level at the top surface of the reservoir was 
carefully measured and came to 10-J inch for each montli ; these are dry montiis j 
that makes him think 6 feet is not enough. 

Mr. Preston was sorry there are no reliable data from tlie Ocntral 
Provinces, but arrangements have now been made that most careful statistics 
should be taken. Not only will tank gauges bo creeled and read every morning 
and evening so that tho loss.by absoi'pHon and evaporation can he arrived at 
for every 24t hours, but rain gauges will he put up somewhere in the catchment 
area, so that it will he possible to get some idea of tho relation between rainfall 
and runoff. In the Central Provinces there will shortly he some very large 
tanks and the data it is proposed to collect should ha invaluable. Witii refer* 
once to what Mr. Visvosrarya said about tho use of all the water in a tank, 
that is also tho view which tho Government of India in the Revenue and 
Agricultural Department hold most strongly. Mr. Preston could not remember 
what the Irrigation Oommission recommended, but was under . the impres- 
sion they hesitated to recommend that tlio water of one year should be 
liold over on tho chance of its being required in the next. Mr. Preston 
thought the view of the Revenue and Agricultural Department was right 
because the prosperity the people would derive from tho use of tho water may 
help them to tide over possible difiiculties in another year while if tho water 
is allowed to remain in tho reservoir, periiaps there might ho no demand for it 
tho following year. 

Mr. Q. White said in Juhbulpoio and Nagpore reservoir gauges are rend 
every day ; in Juhhulporo the loss duo to evaporation amounted to ‘30 inches a 
day. At Ajmer there is a tank ttfi feet deep and the measurements taken, 
there showed a loss due to evaporation and absorption of *30 inches a day also. 

Information on tho point will bo found in the annual reports if any one 
cares to look for it. 

Mr. Davidson said experiments had been made in tho Red Dill Tanks, 
Madras, and the result showed a loss duo to evaporation of 0 inches per 
month, that would ho just 6 feet in tho year. 


Mr, MaJjEOD’a paper on the “ Debarred Area ” Scheme of (he Patehpwr 

Branch. 

Mr. MoLcod did not think there was muoii to say beyond what is 
recorded in tlio paper ; tho principle was introduced more or less becauso there 
was not a sulliciancy of water at tlio time for the scheme as then proposed. 
A reference to tho Completion Report will explain what was intended and 
what was actually carried out. 

Tho Fatehpur branch lies entirely to tho south of the East Indian 
railway, and as originally proposed it was intended to irrigate the wlmlo of the 
country between the East Indian Railway and tho Ganges on tlio north ; that 
idea was abandoned because the percentage of' well irrigation was' large; in 
some villages over 10 per cent.; that meant that the canal would ho solely a 
feeder and that the villages tln-ongh which it passed would have been debarred 
from irrigation. 

The result as finally settled has not been a success ; in two pargannhs 
the well irrigation average is only 8 per cent, and in most of the other 
parganahs it is little or nothing. 

In Oawnpore the cultivators appreciate the value of irrigation ; they 
are ready to pay three times tho schedule rate provided they get canal water 
in prefereuoe to working wells. Consequently tho scheme has been abandoned, 
it can only ho worked to keep out well areas and this would debar whole tracts ; 
to debar whole villages would be ditEcult becauso they are intermixed with 



68 


tlie general system of irrigation. It is also an ' oljjection tliat it ' introduces 
another form of oppression which it is well to keep . clear of . . 

To some extent the people give the water to land that is protected by 
wells instead of to dry land. Mr. MoLeod thought they would take to their 
wells again ; they reserve wells for special crops. 

Mr. Marsh said this system of debarring land from irrigation was intro- 
duced with great dclat some 16 years ago and there has been a great deal of 
correspondence on the subject. 

It is impossible to debar plots in villages ; after trial it has been decided 
to give up the attempt to do so. ’ 

Mr. Preston said his experience has been exootly the same; in the Punjab 
it was found impossible to keep water off the well lands. On the Bari Doab 
canal there used to bc'a system called ot fixing an area attached to 

each well and if the cultivator took canal water on any of the fields in these 
blocks, he was charged unauthorized irrigation rates. 

In addition to the usual water, or occupiers, rates,' a water-advantage was 
levied on any fi.eld which took canal water in the year. This rate, which 
varied from Bs. 1-1 an acre at the head of the canal to 8 annas or 12 annas 
at the tail, was assessed under the Land Revenue Act, not under the Canal 
Act and as the land attached to a well had already been assessed at wet land 
revenue rates at settlement, it was held that the water- advantage rate also could 
not he levied for irrigation on holds included in the well hlook. This was all 
extremely complicated and the charge at unauthorized irrigation rates 
engendered such an enormous amount of ill feeling with the cultivator who 
rover understood the reason for it that long before the assessment system was 
altered the practice of charging it was abandoned. 

In the now projects recently submitted for sanction, Mr. Benton has 
proposed that no irrigation at all should be given in a considerable area 
traversed by one of the canals, on the grounds that the tract is already 
sufficiently protected by rvells and thatitis a better policy to conserve the water 
for dry tracts in which well irrigation is impossible. Mr. Preston thought 
this was perfectly sound j there can in his opinion be no objection to refusing 
irrigation to entire tracts which are sufficiently protected by wells, but it 
is most unadvisablo to refuse it to individual fields and needlessly worries the 
people. He was glad this was being given up in the United Provinces. 

Mr. Bion explained that on the Rastern Jumna canal they drew up 
what they called “ oserbnndis ” or time tables showing when each channel W'as 
open and that the only way in which the principle could be got to work 
was by the cultiyators acting as a check on eaoh other. 


Mr. Keeling's gate. 

Mr. Preston explained the working of the gate, and asked Mr. Davidson 
if he could add to the information on the subject. He did not know 
that he could add very much to what Mr. Preston had said. They contem- 
plate building some high dams in Madras in which they will have to work 
sluices under very big heads. Stoney is not prepared to guarantee his 
gate for any head over 130 feet at the outside. Keeling designed this gate 
for use at a much lower level. He had received a tender from an English firm 
for its construction and the cost for a discharge of 8,000 cusecs works out to 
£10,600. It is of course so far only a design and- has not been tried. 

Stoney’s gates are very satisfactory for the heads of pressure for whioh 
they have been designed. 

Mr. Mackenzie said the gate looked complicated, but was not really so 
and ho dilated on the technical and engineering features of the sohemo. 

As regards the expense he said a gate to work under a great head cannot 
he got for nothing, whatever kind of sluioo is used it will cost a good deal. 
• A sluice to work under a head of 160 feet cannot ho compared with a low 
pressure sluice which is a comparatively simple thing. The expense of the 
- gates is a trifie when added to the cost of a largo dam. He thought there would 
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be a oonsiderablo demand in the near future for storage worbs in Madras 
and Bombay ; and the question of obtaining a satisfactory gate to work under 
large beads is a serious question and be would like to see some of the gates 
which are already in the market tested practically. 

Mr. Netborsole preferred the principle adopted at the Assouan dam 
in Egypt. 

Mr. Benton thought that before this gate is adopted a great deal more 
should be known about it and this seomod to bo tho opinion of those present. 


Mr. Preston then said it only remained for him to bring this Conference 
to a conclusion, he had not prepared a set speech and had no intention of 
makiugone. Ho hoped that all have felt that the tronhlc they have been pnt 
to in coming so far has been repaid by the intercourse which they have had 
with one another. 

Loobing through tho papers which Itavo beon considered be was certain 
all would acknowledge the great value of the largo shutters which arc designated 
Smart’s shutters. Ho had not tho slightest doubt that, as he remarked before 
the consideration of tho design at this meeting will bear fruit not only in 
the Punjab, but elsewhere and that in tho near future large slmtters of at least 
40 feet span would ho iniroduced. lyhat the iiltiinalc limit of size will be it is 
dilEcult to say ; for himself ho docs not altogether seethe advantage of the 
80 feet span which IMr. Maokonzio dreams of, and he felt rather inclined to 
think 60 feet will prove to bo a workable, or necessary, maximum. 

Thex‘0 had beon a very interesting discussion on tho design for the Snketar 
superpassage, and the meeting is certainly indebted to Mr, Hill for the very 
valuable papera that he has contributed. 

He thought that upcounty Engineers had come to the conclusion that 
Mr. Visvervaraya’s module would not ho of much use to them due to tho loss 
of head through it and to tho cosl: the circumstances in Bombay am diflcrent, 
as Mr. Yisvervaraya had pointed out at tho present sitting. Personally he 
(Mr. Preston) did not think tho first cost was of any particular matter. The 
loss of head which would he necessary would certainly be an objection to its 
use upcountry while the repairs, on Mr. Visvesvaraya’s own showing, would 
be considerable. 

Mr. Yisvesvaraya had said that the life of tho hoso which bad been 
humorously called the “concertina” would be only three months, in 
Mr. Preston’s opinion this is very much against tho design. Modules are not 
required by ones and twos, but by thousands and to repair thousands of 
“ concertinas ” every three months would be rather a big order. 

Personally ho did not think there is very much to be made out of lift 
irrigation by machinery at present. A lift installation has recently been started 
on tho Chenah canal by Lala Ganga Bam, who has recently retired from the 
Public 'Works Department. Government has given him a oonsiderablo couees- 
sion of land, and he is lifting water, not from wells and the subsoil, but from a 
canal ; he has been given a tract of laud the level of which is something like 
G to 7 feet above tho canal water surface ; that is his maximum lift, but ho has 
got an inexhaustible supply of water from tho 0.1001, and lift inigation in these 
circumstances may perhaps do W'ell, cspeoinlly as ho is charged reduced rates 
for the water. 

Ho thought tho outcome of tho disoussion on Mr. Marsh's paper on the 
automatic puddling of chaaucls was that every one was more or less in aocord. 
Before tho discussion he was under the impression there would have been 
more diSereuce of opinion as the design of the canal which he had passed 
round is very different to anything heretofore constructed. 

Tho difference of opinion reduced itself to a question of decimals of a foot 
and on the whole there was general unanimity oh the subject. 

Mr. Preston was glad to find from several ortho papers that Engineers 
have not been afraid to confess tlmir failures. It is a trite saying that more 
is learnt from failures than from successes, ,but anyone criticising (hesa 
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proceedings will not be sole to say tbat tbe Engineers assembled to blow 
their own trumpets or that they have been afraid to publish their mistakes. 

He would like to thank the gentlemen of the different provinces who have 
sent up the excellent models. 

In conclusion the President thanked Mr. Stanley, the Secretary of the 
Conference, and Mr. Burbridge, the Superintendent of the Irrigation Branch 
Office, on whom a good deal of the burden of the arrangements bad fallen, for 
their services and by request of the members of the Conference presented them 
with pencil oases as a memento. 

.Mr. Benton desired to say a veiy few words. Many suggestive papers and 
papers on improvements of designs bad been presented and he thought all had 
derived the greatest advantage from thorn and especially from the discussion 
that ensued ; great benefit bad also been derived from hearing the experiences 
of men working in other parts of tbe country and in tbe interchange of views 
in conversations outside the meeting. Mr. Preston did not wish to take the 
credit for initiating tbe Conference, but ho was sure he was expressing tbe 
feelings of all present when be said they thanked him very much for the 
opportunity he has given them of meeting. 
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